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THE PRESERVATION OF YELLOW FEVER VIRUS* 

By W. a. SA'ft^R, M.D., W. D. M. LLOYD, M.D., and S. F. KITCHEN, M.D. 

{From the International Health Division of the Rockefeller Foundation and The 
Rockefeller Institute for Medical Research, New York) 

(Received for publication, March 28, 1929) 

In preparation for a comparative study of the characteristics of 
strains of yellow fever virus from West Africa and Brazil, we found 
it necessary to seek a reliable method of preserving the virus over a 
considerable period of time. The ideal method for our purposes would 
be one which would permit the sending of active virus in small sealed 
containers on sea voyages lasting over a month, and would also 
allow storage in the laboratory for several months without serious 
loss of virulence. Such a method was found among several processes 
previously applied to the preservation of other viruses, and it has now 
been in use long enough in connection with our experiments to show 
that it can be depended upon. 

In the first work with experimental yellow fever in monkeys, Stokes, Bauer 
and Hudson (1) kept the virus alive for a time by passing it directly from animal 
to animal. They made inoculations by taking blood from the sick monkey, 
adding it to a citrate solution to prevent clotting, and injecting the mixture 
into a healthy animal. This method would have required an excessive number 
of monkeys to preserve even one strain of the virus during an extended study. 
The interval between successive inoculations had to be short for several reasons: 
the citrated blood could not be stored more than a few days without danger of 
losing the virus, the incubation period was usually brief, and the blood for trans- 
mission was drawn as a rule on the first day of illness. The diflaculty was later 
diminished by these investigators by transferring the infection from monkey to 
monkey by means of mosquitoes, and thus lengthening to several weeks the time 
interval between successive monkeys in a series. This method is far from ideal, 
however, for the mosquitoes require much care and occasionally develop a high 

* The studies and observations on which this paper is based were conducted 
with the support and imder the auspices of the International Health Division of 
the Rockefeller Foundation. Through the courtesy of The Rockefeller Institute 
in New York laboratory facilities were made available. 
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mortality which might result in the loss of the yellow fever strain. The use of 
mosquitoes, moreover, necessitates special equipment and adds an extra hazard 
for the experimenters. 

Sellards (2) succeeded in preserving yellow fever virus in frozen monkey liver 
for twelve days while transporting it from West Africa to England. Keeping 
tissues in a frozen state requires conditions difficult to arrange, especially on long 
voyages. The method, however, w^as one which promised to be highly useful, 
if tests proved it reliable for extensive periods, especially where the use of mos- 
quitoes is impracticable. 

The Yellow Fever Strains Used 

For the purpose of comparing the values of different methods of 
preserving yellow fever virus wh have brought together in tables the 
results of our observations with two strains which proved to be 
practically identical in their characteristics and very satisfactory for 
experimental work. Both were highly virulent and fairly constant 
in their effects. For one, the “French” strain (“F” in the tables), 
we are indebted to Dr. A. W. Sellards, who had brought it to America 
from West Africa via England. It had been transmitted to monkeys 
by Mathis, Sellards, and Laigret (3). The other is the “Asibi” strain 
(“A” in the tables), with, which Stokes, Bauer, and Hudson did 
most of their work. It was originally obtained on the Gold Coast, 
West Africa, and was sent to us from Lagos, Nigeria, b}’' Dr. Henry 
Beeuwkes, Director of the West African Yellow Fever Commission 
of the Rockefeller Foundation. 

Sources of the V'irus 

In each instance the virus studied was preserved in the blood or 
the liver tissue of Macacus rhesus monkeys. 

After an animal was inoculated, the rectal temperature was taken twice a day, 
and when the temperature rose to 40°C. for the first time, a specimen of blood was 
taken. The animal was anesthetized with ether and the blood was drawn from 
the heart. 

The sick animals were allowed to die or were chloroformed when moribund. 
When needed as a source of virus, liver tissue was removed at necropsy with pre- 
cautions for sterility. In all cases where an animal is reported as having died of 
yellow fever, the gross lesions of this disease were found on necropsy, and char- 
acteristic changes were seen in microscopic preparations of tissues, cspeciaify those 
of the liver. In a few instances the presence of tuberculosis or dysentery com- 
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plicated the picture and made it difttcult to determine the onset and course of the 
yellow fever. Such cases were excluded from consideration in this stud 3 '. 

Subcutaneous or intraperitoneal injections of fresh first-day blood were almost 
invariably followed by the development of experimental yellow fever, even when 
small doses were used. As results with material w’hich had been kept less than 
nine days are of little interest to this study, they have been omitted from the 
tables presented, except for the two partial titrations of fresh citrated blood of 
Monkeys 95 and 118 included in Table I. All injections of virus into monkeys in 
this study were intraperitoneal except in the case of the two titrations, in which 
they were subcutaneous. We have noticed no difference between the results 
following these two methods of inoculation. 

The liver tissue proved less rebable for inoculation than the first-day blood. 
This is as would be expected when one considers that the virus diminishes rapidly 
in the blood after the first day or two of fever, and probably decreases in the liver 
during the latter daj's of the disease. The duration of the illness varies in the 
different cases and the concentration of virus in the liver at death probably 
varies also. Whatever the explanation, the liver tissue, though usually in- 
fectious, proved to be less consistently so than the first-day blood specimens. 

Except when specially' noted in the tables, no specimens which failed to infect 
are included unless the original fresh material was proven infectious by the 
inoculation of some other specimen derived from it. In a very few cases the 
inoculated monkeys had previously received material related to yellow fever, most 
often human blood two or three weeks old, and had shown no reaction. On 
account of the remote possibility that the animals bad been protected by this 
material the letter “U,” for “used,” is placed after the number of each of these 
monkeys in the tables. The weights of monkeys are omitted from the tables, as 
moderate fluctuations seemed to play no noticeable part in determining the 
results of the tests. Specimens of monkey blood sent us from Lagos, Nigeria, are 
included in the tables and identified by specimen numbers preceded by the letter 
“S” instead of the numbers of the monkeys from which the virus was obtained. 

The amounts of blood or liver are stated in the tables in terms of the fresh 
material. For example, 0.02 gm. of dried blood would be recorded as 0.1 cc., 
because blood loses about 81 per cent of its weight in drying, 2 cc. of glycerinated 
blood containing 1 cc. of actual blood would be recorded as 1.0 cc. 

Incubation periods are shorni in the tables as the interval between inoculation 
and the first day of fever; for e.xample, if an animal was inoculated in the after- 
noon and its first fever occurred in the afternoon of the second day after inocula- 
tion, the interval would be recorded as 2.0 days, but if the first fever was in the 
morning of the third day, the period would he 2.5 days. The interval between 
inoculation and the time of death or recovery is similarlj’' recorded. In the case 
of recovery the interval is measured to the last recorded temperature of 40°C. 
or over, and is followed by the letter “R.” All deaths recorded were from 
yellow fever. 
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In order to limit as far as possible the number of monkeys needed for our 
investigations, most of the tests of preserved virus for infectivity were made as 
required by other experiments. This will explain the apparent lack of plan in 
some of the groups of observations presented. 

TABLE I 


PrescrvaHon of YcUow Fever Virus in Cilraied, Clotted, or Glycerinated Blood 


fMethod of 
preservation 

Source, 
monkey and 
strain 

Amount, 

blood, 

fresh 

Age of 
specimen 

1 

1 

Monkey 

inocu- 

lated 

Inlcrvfll in days 
to 

Obser-7, 

vation 

period 

Result of test 
inoculation 

Fever 

Death 

or 

Tccovcry 



1 

days 

No. 



days 


Citration 

95 A 

0.6 

0 

99 

1.5 

5.0 




95 A 

0.08 

0 ; 

100 

2.0 

4.5 




95 A 

0.005 

0 i 

101 

10.0 1 

11.0 1 




118 F 

0.9 

1 

129 

6.0 1 

7.0 Ri 


Immune 


118 F 

0.07 

1 

117 

2.0 

4.0 




118 F 

0.006 

1 

119 

♦ 

8.5 




18 F 

0.6 

22 

31 U 


— 

24 

Not tested 


32 F 

3.5 

22 

29 U 

— 

— 

24 

Not tested 


66 F 

2.0 

30 

112 

— 

— 

30 

Succumbed 


S103 A 

1.0 

35 

42 

— 

— 

28 

Not tested 


S 104 A 

1.0 

35 

45 

3.5 

5.5 




S 105 A 

1.0 

35 

43 

— 

— 

28 

Not tested 

1 

Clotting 

66 F 

2.0 

30 

111 

— 

1 

30 

Succumbed 


S 106 A 

1.0 

35 

46 

21.0 

24.5 



Glycerina- 

66 F 

2.0 

30 

105 U 

6.5 

10.5 



tion 

117 F 

1.0 

60 

181 

12.0 

16.5 




65 A 

1.0 

100 

179 

— 

— 

29 

Succumbed 


* No fever was observed before the temperature became subnormal, 6.5 days 


after inoculation. 


Citrated and Clotted Blood 

The most convenient method of making direct transfers of 3>-elIow 
fever virus from monkey to monkey was to prevent clotting by the 
addition of sodium citrate to the freshly drawn blood and to inject 
the mixture intraperitoneally or subcutaneously. On the day of the 
bleeding, or even the next day, the virus content of the citrated blood 
seemed to remain high, as illustrated by the first six items in Table I. 
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With longer storage the results became increasingly less dependable, 
and in the six tests of material from 22 to 35 days old there was only 
one successful inoculation (Table I). 

In preparing the citrated specimens, from two to five parts of freshly draivn 
blood were mixed with one part of sterile 2 per cent sodium citrate solution, 
usually in 0.9 per cent sodium chloride or Locke’s solution. The specimens were 
then stored in the refrigerator at from 1° to 4‘’C. The three citrated specimens 
received from Lagos (S 103, S 104, and S 105 in Table I) consisted of the blood of 
the same monkey plus an equal quantity of 2 per cent citrate solution. The 
specimen which proved to be iidectious after the long journey from Lagos to 
New York was one of the two (S 103 and S 104) which had been kept in the 
ship’s refrigerator. The other specimen of the same blood (S 105) had been 
stored at a higher temperature in the cool room. 

If infectious blood is drawn and allowed to clot, it will retain its virulence for 
about the same length of time as if it had been citrated, as suggested in Table I 
by the one failure after 30 days in storage and the one success after 35 days. The 
infectious specimen of clotted blood (S 106) had come from Lagos and was from 
the same bleeding as the citrated specimens S 103, S 104, and S 105. It had been 
stored in the ship’s cool room. It will be noticed that the incubation period in 
the case of the successful inoculation with clotted blood was 21 days, the longest 
in our experience. 

Although the virus can be kept in clotted blood about as long as in citrated 
blood, citration is the more convenient method, for it is necessary to grind the 
clot yrith sand and physiological salt solution in a mortar before inoculation. If 
there is a sufficient amount of serum, this can be used without the clot. 

In our experience it appears to be the exception for stored citrated or clotted 
yellow fever blood to retain its virulence as long as a month, and the method is 
obviously unsuited for prolonged storage. We made no experiments to determine 
whether the virus would persist longer in citrated blood under vaseline or oil, or 
in clotted blood kept continually frozen. 

Glycerinaled Blood or Liver 

As glycerine had proved useful in the preservation of a number of 
viruses, we made preparations of blood and liver containing 50 per 
cent of glycerine and tested them for the presence of active virus 
after storage in a refrigerator at 2° to 6°C. The results are shown 
in Tables I and II. 

The blood specimens were prepared by adding freshly drawn blood to an equal 
volume of glycerine in a test tube and shaking vigorously. The mixture was a 
thick fluid which usually clotted gradually in storage until it was of a firm, jelly- 
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like consistency and required grinding witli sand to bring it into solution in 
physiological salt solution. The liver preparations were of two kinds. The second 
specimen of glycerinated liver listed in Table II consisted of pieces of liver tissue 

TABLE II 


Preservation of Yelloio Fever Virus in Frozen, Glycerinated, or Dried Liver 


Method of 
preservation 

Source, 

monkey 

and 

strain 

Amount, 

liver, 

fresh 

Age of 
specimen 

Monkey 

inocu- 

lated 

lntcr\’al in days to 

Obsers’a- 

tion 

period 

Result of test 
inoculation 

Fever 

Death or 
recovery 


■■ 

Sin. 

days 

No. 



days 


Freezing 


1+ 

12 

89 

— 

— 

48 

Immune 


1^1 

1+ 

15 

66 

6.5 

9.0 




18 F 

1+ 

18 

41 

8.5 

9.5R 


Not tested 


32 F 

34- 

20 

40 

5.5 

8.5 




97 A 

1+ 

21 

132 

4.5 

7.0 




66 F 

1.0 

30 

124 

5.0 

7.5 




55 A* 

1.0 

30 

106 

— 

— 

30 

Not tested 


66 F 

1.0 

1 

100 

191 

— 

— 

30 

Not tested 

Glycerin- 

66 F 

1.0 

30 

126 

6.0 

11.0 

1 


ation 

66 F 

1.0 

30 

125 

12.5 

15. OR 


Immune 


117 F 

1.0 

60 

187 

9.0 

12. OR 

1 

Immune 

1 

66 F 

1+ 

100 

193 

1.5 

5. OR 


Not tested 

Drying 

32 F 

1.0 

9 

37 

19.0 

22.5 




32 F 

0.1 

9 

24 U 

5.5 

8.0 




32 F 

0.01 

9 

14U 

— 

— 

30 

Not tested 


66 F 

0.1 

30 

127 

10.0 

14.5 




32 F 

0.1 

60 

94 

— 

— 

30 

Not tested 


117 Ft 

1.0 

63 

168 U 

— 

— 

23 

Succumbed 


32 F 

1.0 

100 

146 

7.0 

s.ot 




66 F 

1.0 

100 

192 

4.0 

5.0 

' 



32 F 

1.0 

150 

190 

w 

S.O 

1 



* No control inoculation was made with the original liver tissue of this monkey 


to prove it infectious. 

t Chloroformed early in the disease to secure material for pathological study, 
t Tubed with calcium chloride. 

dropped into SO perccntglycerine in Locke’s solution. The other specimens were 
prepared by grinding liver in an equal volume of Locke’s solution, using sand, and 
then adding to the resulting suspension an equal volume of gl 3 xerine. 

The results with glvcerinatcd blood were distinctly better than with citrated 
or clotted blood, as will be seen in the tables. The samples of glycerinated blood 
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which had been kept 30 and 60 days were shown to contain active virus, but the 
incubation period for the 60-day spedmen was prolonged. The 100-day speci- 
men failed to infect and produced no immunity'. 

V.’itli the liver specimens we obtained infection in every' instance, but recovery 
followed infection from one of the two 30-day specimens and from the 60-day and 
100-day specimens. 

The virus of yellow fever apparently can be preserved in 50 per cent 
glycerine for a longer time than in citrated or clotted blood. Infec- 
tion has even been obtained with glycerinated material after storage 
for 100 days, but there is a distinct falling o5 in virulence with stor- 
age after 30 days. Stronger concentrations of glycerine have not 
been tried. 


Frozen Liver 

The method of preserving the virus in frozen liver proved to be 
reliable for periods of at least one month (Table II) ; but the single 
specimen tested after 100 days failed to infect. Pieces of liver in 
test tubes were placed in the freezing compartment of an ordinary 
household electric refrigerator. As the temperature in the compart- 
ment was — 12°C. the liver tissue was frozen hard. 

On one occasion the refrigerating machinery did not function and the tempera- 
ture in the compartment rose sufficiently to permit the liver tissue to thaw. As 
a result the specimens then in storage, the first four in Table IT and also the 
seventh, were rmder refrigeration for two days without being frozen. The 
freezing method is simple and valuable when machinery is at hand for main- 
taining a constant temperature low enough to keep the tissues frozen hard. 

Dried Blood or Liver 

It was not until we tried drying blood or liver under vacuum in the 
frozen state and storing it in sealed tubes that we were able to preserve 
the virus of yellow fever for long periods. 

The method was suggested to us by Dr. T. M. Rivers, who had found it satis- 
factory in the preservation of several viruses including vaccine virus and Virus ni. 
VTiat was essentially the same method had been used by Harris and Shackell (4) 
in 1911 in presendng rabies virus; and Rous (5) reported that in the same year 
the active virus of a transmissible sarcoma of fowls was stored successfully in 
dried and powdered tissue by Murphy. More recently the method of drying 
while in the frozen state was applied to the preservation of bacterial cultures bv 
Swift (6). 
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PRESERVATION OP YELLOW PEVER VIRUS 


Our usual procedure in preserving the yellow fever virus in dried blood com- 
mences with the drawing of 15 to 20 cc. of blood from the heart of a monkey under 
ether anesthesia on the first day of fever. The needle of the syringe is then 
thrust through several layers of gauze which cover a sterile, cylindrical glass 
evaporating dish 12 cm. in diameter and 6.5 cm. deep, and the blood is ejected. 
The thin layer of fluid blood on the bottom of the dish is then quickly frozen by 
setting the dish in a shallow pan containing alcohol and pieces of solid carbon 
dioxide. 

At least an hour before the bleeding, a desiccator of the Hempel improved type 
with an internal diameter of about 15 cm. is packed in an ice-salt mixture in a 
rectangular metal pan. In the groove in the upper part of the desiccator is about 
130 cc. of fresh concentrated sulphuric acid to absorb the moisture given off by 
the blood. In the bottom is enough gtycerine to cover a porcelain platform and 
make a good contact with the evaporating dish. 

When the blood in the evaporating dish is thoroughly frozen, tlie dish is lifted 
from the alcohol, the liquid is quicldy wiped from tlie bottom, and tlie dish is 
placed in the desiccator. The cover of the desiccator is then given at least one 
complete turn to make sure that a good contact is made. An extremelj^ small 
quantity of a suitable thick lubricant has been applied to tlie contact surfaces in 
advance. The desiccator is then evacuated with an electric air pump until the 
pressure has fallen to 1 or 2 mm. of mercury. The desiccator in its pan of ice and 
salt is put into a refrigerator to prevent rapid melting of tlie ice. From 16 to 20 
hours later the vacuum is released and tlie desiccator is opened. The evaporating 
dish is taken out, wiped free of glycerine, and placed on a sheet of paper under a 
small glass-topped frame. The object of the frame is to prevent the distribution, 
by air currents, of infectious dust which might be inhaled by the operator. 
Rubber gloves are worn while the dried material is being tubed. 

About ten plugged sterile test tubes measuring 12 by 200 mm. are numbered 
and weighed in advance. They are taken one by one, warmed slightly in tlie 
flame to prevent condensation of moisture, partially filled with the flalces of 
dried blood, flamed at the moutli, replugged, and again weighed. The gain in 
weight in grams represents the weight of the dried blood, whicli is approximately 
one-fiftli of tlie weight of the fresh blood or of its volume in cubic centimeters. 
In the evaporating dish the dried blood is in the form of a tliin, red, brittle wafer, 
with fissures running through it. It lies loose from the glass and can easily be 
broken into bits and transferred to the test tubes with forceps and narrow spatula. 
It is light and porous and can be readily crushed in a mortar to a smooth powder 
before it is tubed, but this probably increases the risk of accidental infection and 
ordinarily is of no advantage. After the weighing, the tops of the plugs are cut 
off with scissors and the remainder pushed down to the surface of the dried 
blood with a rod. To make certain of complete dr^mess, granular calcium chloride 
is poured in above the plugs before the tubes are sealed in the flame of a blast lamp. 
The tubes are stored in the refrigerator. The use of calcium chloride, although 
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perhaps ad\asable, is not necessarj', since the oldest specimens tested were put up 
without it. The method of putting in the calcium chloride has been described 
by J. H. Brown (7). 

When the dried blood is required for inoculation, the tube is opened by scratch- 
ing -syth a file at the middle of the cotton plug and touching with a hot piece of 
glass or metal. The plug is carefully removed and a small amount of 2 per cent 
sodium citrate in physiological salt solution is put in to prevent scattering of dust. 
The contents are then emptied into a mortar, the adherent particles are scraped 
out of the tube with a platinum wire, and the material is ground up wdth addi- 
tional fluid. Without the sodium citrate in the physiological salt solution the 
dissolved blood will clot in the mortar and make injection difiicult. 

Small quantities of blood, 1.0 cc. or 0.5 cc., are easily dried in a test tube or 
ampoule. The dry blood forms a small button which lies loose in the bottom of 
the container. The blood may be put up in ampoules with safety and with 
great simplicity of technique, but this advantage over the use of the evaporating 
dish and test tube is more than offset by the greater diflSculty of getting the 
material out. 

HTiere solid carbon dioxide (“dry ice”) is not available the blood may be 
frozen in small amounts (1.0 or 0.5 cc.) in a number of test tubes in an ice-salt 
mixture before desiccation. 

To preserve the virus in liver tissue, from 10 to 20 gm. of the fresh tissue is 
ground with sterile sand in a mortar without added fluid. The resulting paste is 
scraped into the glass evaporating dish and the sterile gauze cover is replaced 
and tied with string. Gentle tapping of the dish on a table top will complete the 
even distribution of the material over the bottom of the dish. The material is 
then frozen, dried, and sealed in tubes by the same technique as the one used for 
blood. As the total weight of the original material is known, the amount of 
liver tissue in each tube, in terms of fresh liver, is determined by dividing the 
original weight of the liver in proportion to the final weights of liver and sand in 
the several tubes. Inoculations are made with the material as in the case of 
blood, but physiological salt solution is used instead of citrate solution. The 
dried liver is soft, porous, and friable, and has a light greyish yellow color due to 
the presence of much fat. 

Freezing is not absolutely necessary for the successful preservation 
of blood. 

Specimen 157 A (Table 111) was prepared in Lagos by the West African Yellow 
Fever Commission of the Rockefeller Foundation and was brought to us through 
the courtesy of Dr. Oskar Klotz of the Commission. Hudson and KJotz had 
demonstrated that infected monkey blood, desiccated in a vacuum in the presence 
of sulphuric acid or calcimn chloride, at room temperature or in the icebox, re- 
mained infective as long as 38 days (8). In preparing Specimen 157 A the mi.ted 
blood of two monkeys was dried in a vaemun over calcium chloride and sealed 
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TABLE ni 


Preservation of Yellow Fever Virus in Dried Blood 


Method 
of preser- 
vation 

Source, monkey 
and strain 

Amount, 

blood, 

fresh 

Age of 
speci- 
men 

Monkey 

inocu- 

lated 

Interval in days 
to 

Obser- 

vation 

period 

Result of test 
inoculation 

Fever 

Death 

or 

recovery 



cc. 

days 

No. 



days 


Drying 

180 A* * * § t 

2.5 

12 


— 


32 

Not tested 


180 A*t 

0.5 

18 


— 


32 

Not tested 


65 A 

0.1 

13 

95 

3.5 





S 86 AH 

1.0 

28 

28 

7.0 





S 87 AH 

1.0 

28 

29 

— 


30 

Not tested 


66 F 

0.1 

30 

118 

4.0 

6.0 




55 A 

0.1 

31 


6.0 

10.0 




S 157 AH 

6-f 

32 

103 

3.5 

7.5 




117 Ft 

0.3 

42 

144 U 

“t 

4.0 




117 Ft 

0.3 

42 

143 U 

2.5 

4.5 




117 Ft 

0.3 

42 

145 U 

4.0 

7.5 




66 F 

0.5 

60 

147 U 

3.5 

7.5 




117 Ft 

0.5 

60 

157 U 

1.5 

3.0 




65 A 

0.1 

61 

150 

3.0 

4.5 




55 A 

0.1 

78 

152 

3.0 

5.0 




117 Ft 

1.0 

86 

209 

2.0 

2.011 




117 Ft 

1.0 

94 

18811 

1.5 

3.5 




65 A 

0.1 

100 

180 

3.5 

10.0 




66 F 

0.1 

100 

188 

— 

— 

30 

Succumbed 


55 A 

0.1 

101 

176 

9.0 

11.0 




55 A 

0.01 

■a 

177 

— 

— 

37 

Succumbed 


S 157 A§H 

0.1 


173 

3.5 

5.0 




55 A 

1.0 

■a 

151 U 

3.0 

5.5 




65 A 

1.0 

127 


— 

— 

30 

Not tested 


55 A 

1.0 

154 

235 

4.0 

6.5 




S 157 A§H 

1.0 

155 

231 

16.5 

19.0 




* This specimen, when 6 days old, produced fever in a monkev '' and 
death from yellow fever in 3.5 days, 

t No fever observed. 

J Tubed with calcium ch^''”' ’ 

§ Re-tubed 

II T- 
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TABLE IV 


Groups of Specimens of the Same Material Preserved in Different Ways and for 

Varying Lengths of Time 


Source, 

Blood 

Liver 

cionkcj’ ■ 
and 
strain 

Method of 
preservation 

Amount, 

fresh 

Age of 
specimen 

Result. 

Yellow 

fever? 

Method of 
preservation 

Amount, 

fresh 

Age of 
specimen 

Result. 

Yellow 

fever? 



cc. 

days 



gm. 

days 


32 F 





Freezing 

3+ 

20 

+ 






Drying 

1.0 

9 

+ 







0.1 

9 

+ 







0.01 

9 

— 







0.1 

60 

— 







1.0 

■SSI 

+ 







1.0 

m 

+ 

55 A 

Drying 

0.1 

31 

+ 







0.1 

78 

+ 







0.1 

101 

4* 







0.01 

101 

— 







1.0 

109 








1.0 

154 

+ 





65 A 


1.0 

100 

— 






EEPS 

0.1 

13 

+ 






■■■ 


61 

+ 








100 

4" 






■■1 

1.0 

127 

— 





66 F 

Citration 

2.0 

30 

— 

Freezing 

1.0 

30 

+ 


Clotting 

2.0 

30 

— 


1.0 

100 

— 


Glycerine 


30 

+ 

Glycerine 

1.0 

30 

+ 


Drying 

0.1 

30 

4" 


1.0 

30 

+ R 




60 

+ 


1+ 

100 

+ R 



0.1 

100 

— 

Drying 

0.1 

30 

+ 







1.0 

100 

+ 

117 F 


■n 

60 

4* 

Glycerine 

1.0 

60 

+:r 



0.3 

42 

4* 

Drying 

1.0 

63 

— 


■■■ 


60 

+ 







1.0 

86 

+ 







1.0 

94 

+ 
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PRESERVATION OP YELLOW PEVER VIRUS 


in a glass tube. It was transported from Africa to America at room temperature. 
A part was used in a successful inoculation when the material was 32 days old. 
The remainder was retubed with calcium chloride and was found to be highly 
virulent when 102 days old (Table III). It infected also after 155 days, but the 
incubation period was prolonged. The dried blood of this specimen consisted of 
small black glassy scales in striking contrast to the soft porous red pieces of the 
blood which was frozen before being dried. Specimens 86 and 87, from Lagos, 
were also dried without preliminary freezing. One of the two was found to be 
infectious when 28 days old (Table III), but the other was inert. 

The specimens of blood and liver which had been frozen and dried seldom 
failed to produce infection. Two of the three specimens of blood which were 
tested when 100 days old were found to be virulent when injected in amounts 
as small as the equivalent of 0.1 cc. of fresh blood. One of these two failed to 
infect at 127 days. The other was tested again when 154 days old, in a dosage 
equivalent to 1.0 cc. and produced yellow fever after an incubation period of only 
four days. Tests after longer periods have not yet been made. 

The dried liver gave similar results, but the observations were fewer (Table II). 
Our oldest specimen (from Monkey 32) failed to infect when 60 days old when a 
dose equivalent to 0.1 gm. of fresh liver was injected, but infected after 100 days 
and after 150 days when the equivalent of 1.0 gm. was injected. 'Another speci- 
men 100 days old was tested and found to be infectious. 

The process of freezing and drying will preserve bacteria as well as the virus 
of yellow fever, and one would expect to get bacterial infections occasionally from 
the use of dried liver, since pathogenic organisms frequently invade the liver late 
in the disease. Such infections would occur very seldom when dried blood is 
used. As the result of inoculation with a specimen of fresh yellow fever liver we 
lost two monkeys from a streptococcus peritonitis, and inoculation with another 
specimen, which had been sent us under refrigeration, caused three animals to 
develop tuberculous peritonitis. 

Comparison of Methods 

A close comparison of the value of the methods can only be made 
by submitting the same original material to the several processes. 
One specimen of fresh blood or liver may contain many times as much 
virus as another. We have, therefore, brought together in groups in 
Table IV the specimens derived from each of several lots of blood or 
liver. Each of these specimens appears also in one of the previous 
tables, where additional data are given. 

CONCLUSIONS 

1. The virus of j’-ellow fever may be preserved for at least 154 days 
in the blood or liver tissue of infected monkeys if the material is dried 
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in a vacuum while in the frozen state and kept in the refrigator in 
sealed glass containers. A gradual diminution of virulence is notice- 
able in the older specimens. 

2. If infectious blood is dried in a vacuum at room temperature, 
instead of in the frozen state, and is stored in sealed containers in the 
refrigerator, the virus may survive as long as 155 days. 

3. The virus may be preserved for at least 30 days in liver kept 
continuously frozen. 

4. Storage of blood or liver in 50 per cent glycerine in the refrigerator 
will usually keep the virus alive for 60 days and may do so for 100 days, 
but with the injection of the older material there is a marked tendency 
toward lengthening of the incubation period and increase in the num- 
ber of recoveries. 

5. Yellow fever virus in dtrated or clotted blood, when kept in 
the refrigerator, dies out rapidly. 

6. In our experience the most satisfactory method of preserving 
strains of yellow fever virus in the laboratory consists of freezing and 
drying blood taken from a monkey on the first day of an attack of 
experimental yellow fever and storing the dry material in sealed glass 
tubes in a cold place. 
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Since the beginning of modem physiological experimentation on 
the fimction of the kidney, the study of the manner of its excretion of 
dyes has proved a fruitful method of attack on the problem of the 
activity of its complex elements. The literature covering the subject 
matter of these studies has grown to vast proportions, but needs no 
review at this time as it has been frequently and thoroughly dis- 
cussed. 

Our interest in the manner of excretion of two dyes, phenol red and 
neutral red, arose in the course of an investigation of the problems of 
experimental nephritis which we had produced in frogs and which we 
studied by means of the newer methods devised by physiologists for 
the examination of their problems. Among these methods is that of 
perfusion of the kidney. 

The perfusion of the amphibian kidney offers many advantages 
over similar procedure with mammals. Among the first to use the 
method extensively were the English observers, Bainbridge and his 
coworkers (1) and more recently Hober and his pupils (2) have pub- 
lished a long series of studies on the normal function of the frog’s 
kidney. Among their many observations they found evidence indi- 
cating that the dye cyanol was not excreted by the tubule but by the 
glomerulus. 

Our original problem was the testing of damaged kidneys, and 
among other methods that of perfusion was used. One of the reagents 

* This investigation has been made ■with the assistance of a grant from the 
Committee on Therapeutic Research, Council on Pharmacology and Chemistry. 
American Medical Association. 

IS 
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employed was phenol red. As another line of attack, vital staining 
with neutral red was employed. It soon became evident that tlie 
kidney handled the two dyes in different ways and in view of the con- 
flict in opinion of various workers on the subject it was thought worth 
while to extend our investigation to a more detailed study of the 
manner in wliich the two dyes are excreted by the normal Iddney. 
Our findings seem to warrant consideration for themselves as distinct 
from their bearing on the more specific problem of the abnormal kid- 
ney. They are, therefore, presented separatel3^ 

Methods 

The method of perfusion which we have used is essentially tliat devised by 
Barkan, Broemser and Hahn (3) and elaborated by Hober. 

Large bull frogs were used {R. ca(esbiana), averaging 800 gm. in weight, as 
this allows tlie collection of considerable amounts of urine, at times as high as 
20 cc. or more per hour, and a correspondingly accurate determination of rates 
of excretion of various substances. The perfusion fluid was that of Barkan, 
Broemser and Hahn, consisting of a modified Locke’s solution buffered to a pH 
of 7.4 and oxygenated with the proper mixture of CO 2 and 0 by means of tlieir 
apparatus. Glycocol in a concentration of .52 per cent was added according to 
the recommendation of Hober (4) and glucose in a concentration of .05 per cent. 
The frogs were pithed, tlie viscera with tlie e.xccption of the liver and heart, lungs 
and kidneys removed, with ligation of all severed vessels, and canulae introduced 
into the anterior abdominal vein — thus supplying the renal portal venous system, 

• — and into the aorta just below the union of the two thoracic branches. In order 
to restrict the perfusion as much as possible to tlie kidneys tlie aorta was then 
tied below the renal arteries, the large veins to tlie legs ligated and tlie vena cava 
cut to allow tlie escape of the perfusion fluid which had passed through tlie 
kidney. The perfusion pressure was always kept as low as compatible witli a free 
flow of fluid tlirough the vessels, as a rule the venous pressure being 20.0 cm. of 
water, tlie arterial 40.0 cm. In both ureters were placed collecting canulae and 
the urine was removed in 15 minute periods. 

Certain routine data were collected in all c.\periments. The rate of water e.x- 
cretion in cubic centimeters per hour was recorded and the presence or absence of 
sugar was tested with Benedict’s solution. The total electrolyte content was 
followed by means of a Christiansen ionometer, giving tlie relative concentration 
of salts which was e.xpressed as a percentage of NaCl. The concentration of dye 
in the urine was determined witli a Duboscq colorimeter and a known standard. 

In our findings only one tjqiical example is given, but for each experiment suffi- 
cient confirmatory' experiments were performed to leave no doubt of the result. 
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EXPERIMENTAL 

The excretion of phenol red when supplied to the tubules alone 
was compared with its excretion when supplied only to the glomeruli. 

In these experiments phenol red in a concentration of 20 mg. per 1000 cc, of 
perfusion fluid was supplied to the tubules by way of the vein, while Locke’s 



solution free of dye was at the same time perfused through the glomerular tufts 
by way of the aorta and renal arteries. The pressure in the latter was about 45 
cc. of water as compared to only 20 cc. in the venous tubular system. Before the 
addition of the dye the kidne 3 ’-s were perfused as routine with clear Locke’s solu- 
tion through both sj’stems for two 15 minute periods at least to be sure that they 
were working in a normal manner. This was assmned to be the case, in accordance 
with Hober’s findings (2), when the urine was free of sugar and its salt 
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, content was not more than 50 per cent of that of the perfusion fluid. After the 
introduction of the dye, the 15 minute collections were tested in the routine way 
and the presence of dye noted and its concentration determined. The results 
are shown in Fig. 1. 

During the preliminary periods the urine was sugar free and its salt content 40 
per cent of the perfusion fluid. On the introduction of the phenol red into the 
fluid which went to the tubules no significant change was noted in any of its con- 
stituents. The presence of the dye was just perceptible to the eye and on deter- 
mination was found to be about 50 per cent of that in the perfusion fluid the rate 
of excretion being .08 mg. per hour. After 3 periods the manner of dye adminis- 
tration was reversed, the concentration previously given to the tubrfle being led 
to the glomerular circulation by way of the aorta and renal arteries, while the 
tubular system of capillaries received clear Locke’s solution by way of the renal 
portal vein. In other experiments dye was added to the glomerular fluid as de- 
scribed above, while the tubular system continued to receive the dye containing 
Locke’s solution with no significant difference in result. The effect of this change 
in the method of administration of the dye is shown in the 4th period of Fig. 1. 
The excretion of water, sugar and salt remained practically unaltered but there 
was a sudden and immediate increase in the dye e.xcretion from a previous level 
of 50 per cent of the perfusion fluid to 300 per cent. Expressed as rates of e.xcre- 
tion, the rise was from .08 mg. per hour to .52 mg. per hour, or a six fold increase. 
In this particular experiment the increase in the amount of dye excreted by the 
glomeruli as contrasted to the amount put out by the tubules was not as large as 
that usually obtained. A su mm ary of nine experiments gave an average increase 
of twenty-six times, the range of variation being from six to fifty fold. 

Evidently phenol red when supplied to the glomeruli of the frog’s 
kidney is excreted at a rate which may be as much as 50 times as great 
as when it is supplied to the tubules. Some dye, a small amount 
indeed, is excreted however when the supply is to the tubules alone, 
and this finding might be interpreted in one of two ways. Either 
tins slight excretion is through that part of the kidney directly sup- 
plied by the renal portal system, that is through the tubules, or the 
fluid from the tubular venous capillaries passes over into the glomeru- 
lar circulation in small amounts and the dye contained in it is ex- 
creted by the glomerulus. 

We see no way to devise an experiment that will furnish an abso- 
lute control to the first possibility. It is a simple matter, however, 
to show that the second is not only possible but highly probable, for 
it has been demonstrated by others that fluid certainly does pass from 
the tubular to the glomerular circulation, especially if the proper rela- 


JEAN OUVER AND ESHREE SHEVKV 


19 


tions between the pressures in the two systems are not maintained. 
The following experiment illustrates this point (Fig. 2) . 



Fig. 2 


After two preliminary periods in which the kidney functioned normally, 20 
mg. of phenol red and 2 cc. of India ink suspension were added to 1000 cc. of 
Locke’s solution in the bottle supplying the venous system, while the arterial bottle 
which supplied the glomeruli contained plain Locke's solution. The height of the 
two bottles was the usual one, 20 cm. for the venous tubular system and 45 cm. for 
the arterial glomerular bed. The out-fiow from the two bottles through the two 
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systems is shown in the graph, the arterial flow being greater than the venous flow, 
which is the normal relation for perfusion by the method. 

As will be seen from the graph, an average concentration of dye equal to only 
10 per cent of that of the perfusion fluid was observed, while these conditions pre- 
vailed (Periods 1, 2 and 3). This equals a, rate of excretion of .04 mg. per hour. 
The left kidney was then quickly removed with ligation of its vessels so that there 
would be no leakage during perfusion and fixed in 10 per cent form alin . 

The pressure in the venous capillaries was now increased by 10 cm. Thereupon 
the flow through the venous capillaries increased considerably and though the 
rate of water excretion remained approximately the same, the concentration of 
dye rose to 90 and then 110 per cent of that of the perfusion fluid, or a rate of 
.45 mg. per hour (Periods 4 and 5). This figure is 10 times the rate of the pre- 
ceding periods. The right kidney was then removed and fixed. Sections of the 
two kidneys were prepared and examined. The number of glomeruli which con- 
tained carbon particles, that is, which had received fluid and dye from the tubular 
circulation, in the case of the left kidney which had excreted .04 mg. per hour of 
the phenol red was 24 per cent of the ISO counted. In the right kidney where the 
rate of dye excretion had risen to .45 mg. per hour, 67 per cent of the glomeruli 
counted contained carbon as evidence of an increased flow from the tubular venous 
systems. 

This experiment leaves no doubt that some dye reaches the glo- 
meruli from the venous circulation, that the amount of such dye in- 
creases as the pressure on the fluid in the latter system is increased, 
and that concomitantly with this increased passage of dye to the 
glomeruli there is an increased rate of dye excretion by the kidney. 
We therefore believe it likely that the small amount of dye which 
was observed to be excreted in our first experiment during the period 
of tubular perfusion was evidence not of tubular excretion of the dye 
but of an unavoidable imperfection in the method of experiment. 
Some leakage from the tubular to the glomerular system cannot be 
avoided so that glomeruli receive the dye, and as the second part of 
the first experiment shows, it is readily excreted through them. 

The excretion of neutral red when supplied to the glomeruli alone 
was compared with its excretion when supplied only to the tubules. 

Before detailing the results of our experiments on the excretion 
of neutral red by perfused kidneys, it is necessary to test by ex- 
periment the statement of certain investigators who claim that 
neutral red is not excreted by the kidney of the living frog. 
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10 cc. of saline containing .5 mg. of neutral red was injected into the dorsal 
lymph sac of a frog whose bladder had been emptied by a catheter. The animal 
was kept in a glass jar where any urine passed might be recovered. After 60 
minutes the bladder was again emptied. 2 cc. of urine was obtained containing 
.05 mg. of the dye. It follows that 10 per cent of the amount injected was re- 
covered. 

The same method of experiment was then applied to rabbits. Five mg. of 
neutral red was given intravenously in 20 cc. of 3 per cent NaCI solution. After 



1 hour the animal was catheterized again. One rabbit excreted 16 per cent, 
another 12 per cent of the dye. The average excretion of 8 more animals was 21 
per cent with a range from 14 to 31 per cent. As there seems no doubt that neu- 
tral red is excreted by both the amphibian and mammalian kidney, the manner of 
its excretion was further examined by the method of perfusion. 

The first perfusion experiment to be described is similar in its method to the 
first one described with phenol red. Other experiments relating to vital staining 
of the kidney with the neutral red had led us to suspect that it might be handled in a 
different manner than is phenol red. For this reason this dye was first introduced 
into the glomerular system by way of the artery and after a certain number of 
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periods was then supplied to the tubular apparatus by way of the renal portal 
vein. Fig. 3 shows the result. During Periods 1, 2 and 3 in which the dye reached 
the glomeruli in large amount, only small amounts appear in the urine, averaging 
about SO per cent of the concentration in the perfusion fluid, an average rate of 
.06 mg. per hour. The method of administration was then reversed, the neutral 
red now going direct to the tubules by the vein and the glomeruli receiving clear 
Locke’s from the arterial bottle. The concentration of dye in the urine rose in 
the next (4th) period to 260 per cent, a rate of .24 mg. per hour and increased in 
the 5th period to a figure of 500 per cent, 5-J times as concentrated as the perfusion 
fluid, a rate of .50 mg. per hour. 

The rate of excretion of neutral red with tubular perfusion of the dye 
was therefore 8 times that obtained when the dye was administered to the 
glomeruli. Summarizing twelve experiments shows that the average 
increase in the rate of excretion of the neutral red by tubules as con- 
trasted to the glomerular output was thirty-five times, the range of 
variation being from eight to sixty fold. 

If it be a fact, as the above experiments would seem to indicate 
that the excretion of the two dyes is by different mechanisms, phenol 
red being excreted chiefly by the glomerular apparatus and neutral 
red by the tubular system, then it should be possible to devise crucial 
experiments which will confirm indirectly tire results described above 
that were obtained by direct observation. 

If, for instance, the above hypothesis be true, it should be possible 
to administer both dyes to kidney at the same time in such a manner 
that no dye in any considerable amount appears in the urine. The 
following experiment demonstrates that this can be done. 

The perfusion e.xperiments previously described were repeated, but to the glo- 
merular circulation neutral red in a concentration of 12.5 mg. per 1000 cc. was 
supplied while a similar concentration of phenol red was led to the tubule capillary 
system. Fig. 4 illustrates the results. Although both perfusion bottles contained 
highly colored fluid, the urine in the ureteral canulae was practically colorless to 
the unaided eye. The urine sample for each period was divided into separate 
portions, one being acidified to produce the red form of neutral red and another 
alkalinized to show the yellow form of phenol red. In the first sample no phenol 
red could be demonstrated. Neutral red in an amount averaging IS per cent of 
the concentration in the perfusion fluid was present. 

Clear Locke’s solution, free of either dye, was now supplied to the tubular ap- 
paratus by the vein, and phenol red led to the glomeruli by the arteries. In the 
next period (2) 570 per cent of the concentration in the perfusion fluid appeared 
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in the urine, a rate ofl.Smg.per hour. In the next period about one half as much 
was excreted.^ 
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Neutral red v.-as now added in its original concentration to the fluid suppljdng 
the tubular S 3 ’stem, the phenol red still being present in the glomerular supply. 


* As we will show in a later study, the dye is excreted in greatest amount in 
the first period and then falls to a fairly constant level. 
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By separating the urine as in the first periods, making one acid and the other 
alkaline, an approximate estimation of the amount of each dye could be made. 
Exact color matches in the colorimeter were impossible but rough estimations 
could be made. In the 5th period the two d 3 'es were present in about equal con- 
centration, 200 per cent for phenol red and 250 per cent for neutral red. In the 
6th period the latter had increased to 400 per cent, the phenol red remaining ap- 
proximatel}^ 200 per cent of the concentration existing in tlie perfusion fluid. The 
final rates of excretion for the two dyes was .5 mg. per hour for neutral red and 
.45 mg. per hour for phenol red. 

It will be seen that the two dyes, when supplied to the kidney tlie 
“wrong wa}'- to” were not excreted in any significant amount. When 
the method of administration was corrected to correspond to the 
normal manner of excretion, both appeared in urine and were excreted 
at normal rates. 


H: * H: 

If one of the dyes, neutral red, is excreted by the tubular apparatus, 
while the other, phenol red, is not excreted in any significant amount 
by these elements of the kidney but only by the glomeruli, then de- 
stroying the function of the tubules should affect the rates of excretion 
in a very different manner. 

Such an experiment involves the complex question of abnormal 
activity of the tubule epithelium and is one which we shall discuss and 
study more fully in studies on experimental nepliritis in the frog to be 
published later. Hober (2) has done a considerable amount of work 
on this problem in his studies of the physiological activity of the kidney 
and we can refer to his findings in applying the method to our imme- 
diate problem. 

Hober has shown that when the tubule cells are anesthetized with urethane, 
their characteristic activities cease. There is no longer an absorption of water 
from the lumen of the tubule, hence a diuresis results. Sugar, which Weam and 
Richards (5) have shown to be present in the glomerular filtrate, is also not ab- 
sorbed from the urine as it passes down the tubule lumen, and hence appears in 
the urine, and the absorption of NaCl is also decreased. The urine, therefore, as 
a result of the abolition of tubular absorption, approaches in its constitution the 
character of the perfusion fluid. 

In our e.xperiment the rate of excretion of the two di'es was determined when 
such conditions had been produced b}' the action of urethane. Fig. 5 shows the 
result of such an experiment. Neutral red was supplied in the first 2 periods to 
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the glomeruli alone and, as in the previous experiments, was excreted through them 
at a very low rate, namely, .02 mg. per hour. The dye was then led to the tubular 
system and in three periods (3, 4, 5) an hourly rate of excretion 30 times as high 
as previously, or .60 mg. per hour, was attained. The urine during all these pe- 
riods was normal in every way; the amount was not excessive, sugar was not present 
and its salt concentration was below that of the perfusion fluid. Urethane was 



now added in 2 per cent concentration to the perfusion fluid which was passing to 
the tubules. There was an immediate drop in the rate of excretion of the neutral 
red to about one-half its former figure (Period 6) and the rate continued to de- 
crease during the next 2 periods, to a final figure of .22 mg. per hour, or one-third 
the value found under normal optimum conditions. All the evidence of tubular 
damage as described by Hober were present; there was a marked diuresis, sugar 
appeared in the urine and the salt concentration approached that of the perfusion 
fluid. 



26 KIDNEY EXCRETION OE NEUTRAL RED AND PHENOL RED 


A similar experiment was now performed with phenol red. The results are 
shown in Fig. 6. The phenol red was introduced at once in this case into^’the 
glomerular circulation and as before was excreted at the relatively high rate of .3 



Fig. 6 


mg. per hour. The urine contained no sugar, the salt concentration was only 40 
per cent of that of the perfusion fluid and the amount of water was 
The same concentration of urethane, 2 per cent, was then introduce into ^ . 

which passed to the tubules. As the chart shows, in Period 6, sugar appcare 
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the urine, the rate of water excretion increased 4 fold and the salt concentration 
rose, all evidences of tubular damage. The rate of excretion of phenol red, how- 
ever, not only remained undepressed but actually increased." The result is there- 
fore the opposite of that obtained when neutral red was excreted, and gives further 
evidence which indicates the antithesis in the condition of excretion of the two 
dyes. 


DISCUSSION 

Since Nussbaum’s original description of the double nature of the 
blood supply to the ampliibian kidney and his experiments, based on 
this finding concerning the function of the tubules and glomeruli, 
numerous criticisms have appeared of the basic contention that the 
blood supply of the two systems is independent. One of the most 
recent of these is that of Smith (7) who from the result of certain 
experimental procedures comes to the conclusion that such rich anas- 
tomoses occur between the two systems that any interference with 
either the venous or the arterial systems will cause the unobstructed 
blood stream to supply both capillary systems. Perfusion experi- 
ments as done by many investigators, in so far as the renal portal 
vein is concerned do not therefore perfuse the kidney in the sense of 
supplying the tubule through a capillary bed. 

A great deal of discussion would be necessary if the details of these 
experiments of Smith were to be adequately compared with experi- 
ments of other authors which are held by them to show the contrary 
results. For our purpose this can be avoided, for the good reason that 
our experiments are so designed and their results are of such a nature 
that in themselves they answer the objections of Smith and others. 
There is no doubt from our results that the excretion of the dyes is 
strikingly different when led to the kidney by the arterial and venous 
routes respectively, and that these differences are the converse of each 
other with the two dyes. In perfusion of phenol red through the 
renal portal system for example, the dye did not appear in significant 
amounts in the urine. This lack of excretion could not be, as Smith’s 
objections might lead one to suppose, because it was passing through 

' Hayman and Richards (6) have shown that the tubules absorb most dyes, 
including phenol red, so that abolition of the absorptive function of renal epithe- 
lium would increase the amount excreted under such conditions. A more detailed 
discussion of this point will be given in our studies on experimental nephritis. 
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the kidney directly to the post caval vein without passing through any 
capillary bed in the kidney, because identical perfusion with neutral red 
through the same system was follotoed by the excretion of large amounts of 
dye. And one can hardly suppose that this excretion of neutral red 
was the result of fluid reaching the glomeruli by anastomoses from the 
vein, for the direct introduction of the neutral red into the glomeruli 
was followed by the excretion of only a small amount. 

Since Nussbaum’s time there has been no question that anastomosis 
exists between the two systems. As Hober’s experiments have shown 
(2) leakage from the glomerular system to the tubular is greater than 
the reverse flow from the venous capillaries to the glomeruli under 
normal condition of relative pressures. With abnormal relations of 
pressure in vein and artery this leakage of fluid and dye is increased, 
as our experiments with carbon particles and those of Smith and 
many others show. Furthermore, in the case of phenol red the ap- 
parent excretion of the dye, by the tubules, increases as this leakage 
increases. It may be true that this output of dye is due to the actual 
excretion of a small amount through the tubular system into which 
it is first introduced and that the dye is therefore excreted by both 
glomeruli and tubules as Tamura and his coworkers (8) have concluded 
from another type of experiment. But the increase in this apparent 
tubular excretion coexists with a demonstrable increase of leakage to 
the glomeruli, through which phenol red is readily excreted, and this 
fact leads us to believe that the excretion by the tubules is apparent 
rather than real. The converse we believe to be true of neutral red, 
the leakage which produces the apparent glomerular excretion of this 
dye being from the glomeruli to the tubules through the cells of which, 
as experiment shows, it is readily excreted. 

In conclusion we wish to emphasize an important difference in the 
experiments described here from the majority of the previously re- 
ported perfusions of the frog kidney. The high arterial pressure as 
compared to that used by most investigators, combined with the size 
of our frogs, often 1000 grams in weight, has allowed us to obtain 
much larger samples of urine than those usually reported in such ex- 
periments. Their volume is, however, not abnormal, as Adolph (9) 
has shown that the average normal rate of water excretion by the 
frog when there is an excess of fluid available is 1.3 per cent of their 
woicrlif nAr Tnnnr T'Viit; wmilfl mean that with our frogs a perfusion 


JE/VN OLIVER AND ESHREF SHEVKY 


29 


whicli is normal in its production of water should produce from 7 to 
13 cubic centimeters of urine per hour. No objection can be raised 
to the pressure in the glomerular circulation, which is high as com- 
pared to that which exists in the living frog, since it produces no ab- 
normality in the urine. Repeated tests showed that the glomerular 
membrane was still intact, retaining gum arabic or albumin which 
had been added to the perfusion fluid, nor did the semi-colloidal neu- 
tral red pass through under this pressure, as our experiments have 
shown. All the other constituents of urine appeared in normal con- 
centration and amount. Under the conditions of our experiments, 
therefore, the kidneys functioned in a normal manner, a statement 
which can not be made of experiments where volumes of urine of .19 
cubic centimeter were excreted per hour. The added difl&culty of 
accurate quantitative measurements under such conditions is also 
obvious. 


CONCLUSIONS 

1. Phenol red and neutral red are excreted by the perfused frog’s 
kidney by different routes. 

2. Phenol red is excreted chiefly through the glomerulus, neutral 
red through the tubules. 

3. Some slight excretion of each of these dyes by the converse 
mechanism is possible, though there is no evidence in our experiments 
that necessitates such a conclusion. 

4. The importance of methods leading to the production of a nor- 
mal volume of mine by the perfused kidney is emphasized. 

BIBLIOGRAPHY 

1. Bainbridge, F. A., Collins, S. H., and Menzies, J. A., Proc. Royal Soc. 

London, Series B, 1913, 76, 355. 

2. Hober, R., Klin. Woch., 1927, 6, 671. 

3. Barkan, G., Broemser, P., and Hahn, A., Z. Biol., 1922, 74, 1. 

4. Hober, R., and Mackuth, E., Pfliig. Arch., 1927, 216, 420. 

5. Weam, J. T., and Richards, A. N., Am. J. Physiol., 1924, 71, 209. 

6. Hayman, J. M., Jr., and Richards, A. N., Ihid., 1926, 79, 149. 

7. Smith, C. S., Ibid., 1927, 82, 717. 

8. Tamura, K., Miyamura, K.., Nishina, T., Nagasawa, H., Fukuda, F., and Kishi 

K.,Jap.J. Med. Sci., IV, Pharmacol., 1927, 1, 275. ' 

9. Adolph, E. F., Am. J. Physiol., 1927, 81, 315. 




FURTHER NOTES ON THE FULTRATION OF THE VIRUS 
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In a previous note,* attention was drawn to a phenomenon of filtra- 
tion — first noticed by Bronfenbrenner- in connection with bacterio- 
phage — viz., that if tissue containing the viruses of either herpetic 
encephalitis or vaccinia are suspended in broth instead of saline, filtra- 
tion of the viruses through diatomaceous filters is greatly facilitated, 
active filtrates being constantly bbtained. 

No further work has been carried out with the virus of herpetic 
encephalitis except to ascertain the minimal lethal dose for a rabbit of 
the Berkfeld V filtrate. If a 5 per cent emulsion is made in broth of 
the brain of a rabbit dying of herpetic encephalitis, and the emulsion 
centrifuged, the minimal lethal dose of the supernatant fluid may be 
about 0.0008 cc., when injected intracerebraUy, whereas the minimal 
lethal dose of the Berkfeld V filtrate of a supernatant fluid as virulent 
as this is about 0.06 cc. Thus only about 1 per cent of the virus passes 
through the filter. 

Many filtrations of vaccinia pulp have been carried out since the 
previous communication, and a very active filtrate was obtained from 
each lot of material that has been tested, if certain conditions were 
observed. 


Testing of the Filtrate 

Evety filtrate has been tested carefully for sterility (i.c., absence of visible 
bacteria), by taking at least 1 cc. of filtrate, inoculating it into hormone broth and 
observing it during many da 3 's of incubation. Since the pulp, as taken from the 
calf, contains manj' and various organisms, it was not thought necessary to add 

* Ward, H. K., and Tang, F.-F., J. Exp. Med., 1929, 49, 1. 

= Bronfenbrenner, J., J. Exp. Med., 1927, 45, 873. 
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an3' test organisms to the material to be filtered. No growth was ever observed 
in the filtrate growth-control tube in the course of these experiments. 

Each filtrate was titrated on the skin of rabbits, and a measure of its activity 
was tlius obtained. Titrations of the same filtrate on different rabbits gave nearly 
identical results, so that it was felt that a comparison of tlie titers of different fil- 
trates could be justly made, even if they were not all carried out on the same ani- 
mals. In carrying out the titrations, tlie filtrates were diluted 1:4, 1:16, 1:(54, 
1:256, etc., and 0.2 cc. of tlie undiluted filtrate and of the successive dilutions 
were injected intradermallj' into the shaven skin of normal, well-grown rabbits. 
Six titrations can easily be carried out on the same rabbit, with three rows of in- 
jections on either side of the vertebral column. A No. 27 gauge needle is used, 
and care taken that the injection is made actually into tlie skin, and not into the 
subcutaneous tissue. The reactions are read on the fifth or sixth day after in- 
jection. The ma.ximum reaction is an inflamed swelling of firm consistency^, about 
12 mm. in diameter, sometimes necrotic in the center. As one approaches the end- 
point of the activity of the filtrate, the reactions become smaller, the smallest 
detectable reaction being a pin-point papule. The reactions caused by the filtrate 
are indistinguishable from tliose following the injection of the unfiltered emulsion 
of vaccine pulp. 

The intradermal was used in preference to tlie scratch method in order to obtain 
more accurate readings. 

The Conditions Necessary for Obtaining a Filtrate of Maxintuni Activity 

The technique in use at present will first be described, and then the 
various factors will be discussed. 

Present Technique . — The scrapings from the calf — technically called the pulp — 
are emulsified and filtered as soon as possible after their removal from the animal. 
The pulp is weighed rouglily, placed in a glass mortar and thoroughly ground with 
fragments of Pyrex capillary tubing. Enough hormone broth is then added to 
make a S per cent emulsion of the pulp. The broth is added slowly at first, and 
then in bulk, grinding being continued the whole time in order to obtain as homo- 
geneous an emulsion as possible. • The emulsion is then centrifuged at about 2,000 
r.p.m. for 30 minutes, and the supernatant poured off. The supernatant fluid is 
then filtered through a Berkefeld V filter at a negative pressure of about 30 cm. 
of mercury. The filtrate is pipetted off into tubes and kept in the refrigerator. 

A small quantity of the filtrate is incubated with hormone broth for some days to 
test for the presence of bacteria. 

The reactions following the intradermal injection into a rabbit of 0.2 cc. of this 
filtrate and of its successive dilutions, should be as given in Table I. 
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The Pulp 

It was a matter of considerable surprise to find that, if the pulp was 
kept in the refrigerator for a few days before filtration, the filtrate 
was barely active, although the unfiltered emulsion had lost none of 
its activity. Further, the filtrate was inactive, if the pulp was ground 
up at once and glycerine added before storing in the refrigerator for a 
few days, and then filtering. Whatever the details of the mechanism 
of this phenomenon, it was thought Ukely that the change in filter- 
ability was bound up with oxidation of the tissue. And that this 
appears to be the case is shown by the following experiment: 

Fresh pulp was ground up, emulsified in hormone broth and the emulsion centri- 
fuged. The supernatant fluid was then poured off and divided into two parts. 


TABLE I 


Dnutioa of filtrate 

Reaction 

Dilutioa of filtrate 

Reaction 

1/1 

-1 — 1 — 1 — h* 

1/1,024 

+++ 

1/4 

+.+++ 


++ 

1/16 

++++ 


+ 

1/64 

f-t- 



1/256 

++++ 


0 


* Here and in the following tables, -J — i- -|- denotes the maximum reaction, 

and ± a pin-point papule. 


One part was kept in an open tube in the refrigerator; to the other part cystein 
was added so that a final concentration of 1:1,000 cystein was present, the tube 
was sealed with vaseline and placed in the refrigerator. This concentration of 
cystein is ample to prevent oxidation in a closed tube, methylene blue being com- 
pletely reduced. Both tubes were kept in the refrigerator for 7 days and then 
filtered through Berkefeld V filters. Both imfiltered emulsions and both filtrates 
were then titrated. The unfiltered emulsion in the open tube, theunfiltered emul- 
sion in the closed reduced tube, and the filtrate of the latter all proved to be active 
up to the usual dilution, but the filtrate of the emulsion in the open tube was only 
very feebly active, giving rise to but pin-point papules in the strongest dilutions. 
Whether this alteration in filterability in the oxidised tube was due to a lowering 
of the hydrogen ion concentration and consequent change in the charge on the 
virus has not yet been ascertained. 
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The brain of a rabbit infected with neuro-vaccine gave a filtrate of 
approximately the same activity as the filtrate of calf epidermal lesions. 

The Filter . — The filters used in, these experiments were the 2§ inch size Berkefeld 
V filters, autoclaved before using. The majority of tliem were new filters, but 
some had been used two or tliree times. The negative pressure, under which the 
filtrations were carried out, varied, but usually was about 30 cm. of mercury, 
although occasionally it was as high as 60 cm., if filtration was slow. The rate of 
filtration varied with different filters, for reasons which are not understood, but 
unless filtration was very slow, the rate did not affect tlie activity of the filtrate. 
The rate of filtration of course gradually slows, and no more than 50 cc, were 
ever passed through one filter. Some of the brotli filtrates show a slight opalescent 
haze, but this apparently has no relation to the activity of the filtrate. 


TABLE n 


Dilution of filtrate 

Sand filtrate 

Carborundum filtrate 

Pyrex glass filtrate 

1/1 

-k-f-f-i- 

"1 — b"b"b 

-b-b -b-b 

1/4 

-f-b-f-h 


“h rf* “f" "f" 

1/16 

++++ 

+■++ 

-b-b -b-b 

1/64 

1 -b++ 

-b-b 

-b-b -b-b 

1/256 

+-b 

+ 

-b-b-b-b 

1/1,024 

-b 

rt 

-b-b-b 

1/4,000 

0 

0 

-b-b 

1/16,000 

1 0 

I 0 

-b 

1/64,000 

I 

0 

! 



In one experiment a Berkefeld N filter and a Chamberland LI. bis candle were 
tried. In the case of the Berkefeld N, the undiluted filtrate gave rise to a slight 
reaction; in the case of the Chamberland, the filtrate was entirely inactive. 

The Grinding Material , — In the preliminary experiment sand was used in the 
glass mortar to help in the grinding of the pulp. Carborundum was tried in place 
of the sand, but was no improvement. Witli tlie idea that perhaps these sub- 
stances had an absorptive action on the virus, ground up glass was tried. What- 
ever the reason may be, it was found that Pyrex glass fragments were a definite 
improvement over sand or carborundum as a grinding material. This is shown in 
■ Table II. 

To prepare the glass fragments, small pieces of 7 mm. Pyrc.x tubing are drawn 
out into short capillaries, which are then cut into 25 mm. lengths and dr>' sterilized. 
Before placing the pulp in the mortar, the capillary tubing is ground up roughly, 
so that, when the pulp is added and grinding commenced, flying fragments of 
glass do not scatter the pulp over the bench. 
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The Broth . — ^Tbe hormone broth is prepared in a somewhat different manner to 
that originally described by Huntoon.® 400 gm. of minced beef heart, 10 gm. of 
peptone and 5 gm. of salt are boiled for 15 minutes in 1 liter of water. The meat 
is then removed by straining through a wire sieve, 24 cc. of N/1 NaOH added, and 
the broth autoclaved at 15 lbs. for 30 minutes. The broth is then allowed to 
stand over night. Next day the supernatant fluid is syphoned off, adjusted to 
pH 7.6 and autoclaved at 15 lbs. for IS minutes. 

Meat infusion broth without peptone, a buffered peptone solution, 
and saline have all been tried, but none of these are as effective a 
menstruum in which to suspend the pulp as hormone broth. This is 
shown in Table III. 


TABLE m 


Dilution of filtrate 

Hormone broth 
filtrate 

Infusion broth 
filtrate 

Peptone filtrate 

Saline filtrate 

1/1 

++++ 

4-1-++ 

I ++++ 

4 — i — (-4- 

1/4 

++++ 

++++ 

4 — 1 — ! — b 


1/16 

++++ 

++-f- 

4-4- 

-b-f— f-f- 

1/64 

++++ 

++ 

4- 

-b-b 

1/256 

•) — 1 — 1 — f- 

+ 

0 

-b 

1/1,024 

+-i-+ 

0 

0 j 

0 


++ ' 

0 

0 1 

0 


4* 

0 

0 

0 

1/64,000 

0 

0 

0 

0 


No further analysis than this has been made of the substance in 
hormone broth which aids filtration of the virus, but this subject is 
being investigated by a colleague in the laboratory. 

The Properties of the Virus-containing Filtrate 

Activity . — As one of the underlying ideas in this work was to obtain 
a sterile filtrate for use in human vaccination, it was of importance to 
know in the first place how its activity compares with that of the un- 
filtered, non-sterile vaccine in general use. Table IV shows this 
comparison, which was carried out on the same rabbit on adjacent 
areas of skin. This table shows that the unfiiltered virus in general 

5 Huntoon, F. IM., J. Infect. Dis., 1918, 23, 169. 
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use for vaccination is about sixteen times more active than the virus 
filtrate prepared according to the technique described above. 

Survival.— In the second place, if the filtrate is to be used as a vac- 
cine, it must be able to survive for a reasonable length of time in the 
refrigerator. Accordingly, tests were carried out from time to time 
to see if it was possible to detect any deterioration of specimens kept 
in the ordinary electric refrigerator. A filtrate prepared and titrated 


TABLE IV 


Dilution 

Vaccinia filtrate 

Unfiltercd vaccine 

1/1 

++++ 

++:!-+ 

1/4 

++++ 

++-1-1- 

1/16 

+++-h 

++4--}' 

1/64 

++++ 

+-1-++ 

1/256 

++++ 

++-I-!- 

1/1,024 

+++ 

++++ 

1/4,000 


+4 — h4' 

1/16,000 

+ + 

4-4- 4-4- 

1/64,000 


-1--1-4- 

1/250,000 

0 

4-4- 

1/1,000,000 

0 



TABLE V 


1 

Dilution of filtrate 

Filtrate titrated Nov. 6 

Filtrate titrated Jan. 22 

1/1 

4- 4-4-4- 

4-,4-4-4- 

1/4 

4-h4-4- 

4- 4- 4-4- 

1/16 

4- 4- 4- 4- 

4- 4-4-4- 

1/64 

4-4-4- 

+ + 

1/256 

-j — [_ 

+ 

1/1,024 

± 

0 


on Nov. 6 was kept in the refrigerator (about 8°C.) and titrated again 
on Jan. 22. In this period of 11 weeks, it had deteriorated to about 
half of its original strength, as is shown in Table V. 

Another tube of the same filtrate, kept in contact with the ice-block, 
but not quite frozen, had hardly deteriorated at all in this length of 
time, so it is evident that if the filtrate is frozen, it can be kept for 
long periods of time without any appreciable loss of its activity, and 
that it only deteriorates slowly at temperatures just above freezing. 
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As the filtrate loses its activity so slowly in the refrigerator, the in- 
fluence of glycerine was investigated by keeping the tubes at room 
temperature. This experiment brought out the fact that in a mixture 
of equal parts of glycerine and vaccinia filtrate, the virus died out 
sooner than in control tubes containing vaccinia filtrate alone. 

The Nature of the Virus . — Since the virus was suspended in a fluid 
free from tissue cells and debris, an attempt was made to determine 
whether it was possible to concentrate the •rirus by centrifugation. 

10 cc. of the filtrate was placed in a conical-ended centrifuge tube and centri- 
fuged at about 2,500 r.p.m. for 4 hours. The supernatant fluid was pipetted o5, 
leaving about O.l cc. in the point of the tube. . Both the supernatant and the 
residuary 0.1 cc. were then titrated out. The result is given in Table VI. 


TABLE VI 


Dilution 

Supernatant fluid 

Residuary fluid 

1/1 

_j._i — I — 

d — hd-d" 

1/4 

dr-h 

d'd'd'dr 

1/16 

d- 

d-d- d-d* 

1/64 

0 

d-d-d-d- 

1/256 

0 

d-d-d- 

1/1,024 

0 • 

d- 


Centrifugation thus causes a definite concentration of the virus at 
the bottom of the centrifuge tube. A more striking result was ob- 
tained with a filtrate which showed a slight haze when examined be- 
fore centrifugation, and a distinct deposit in the point of the tube after 
centrifugation, but tins result may have been due to the carrying down 
of the virus by the deposit. Certainly neither the haze nor the deposit 
was virus alone. 

Microscopic examination of neither the whole filtrate, the residuary 
fluid nor the deposit 3delded anything that could be said definitely 
to be the virus, although suggestive forms were seen in Giemsa prepara- 
tions and in the dark field. 

Complement Fixation . — A careM complement-fixation test was 
carried out by Mr. Seastone, using a centrifuged concentrate of the 
vaccinia filtrate as antigen, and an immune calf serum which had a 
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Strong neutralizing action on the filtrate as antibody. The experiment 
was completely negative. 


DISCUSSION 

These experiments have demonstrated once again the ease with 
which a very active sterile vaccinia filtrate can be obtained from 
vaccinia pulp, if certain conditions are observed. The essential 
factors in the preparation of such an active filtrate are 

1. The use of fresh vaccinia pulp. 

2. The grinding of the pulp with Pyrex glass fragments in a glass 
mortar. 

3. The emulsification of this ground-up pulp in hormone broth. 

4. Centrifugation of the emulsion and the passage of the supernatant 
fluid through a Berkefeld V filter. 

In the filtration of a virus, assuming that the virus is particulate in 
nature, there are obviously three fundamental factors governing the 
passage of the virus through the pores of the filter — the size of the 
virus; the size of the pores of the filter; and what might be termed its 
“freeness,’’ meaning by that term its ability to pass through the pores 
of the filter with no other impediment than that due to its size. Its 
passage could be prevented either by its adherence to, or retention in 
larger particles in the fluid to be filtered, or its adherence to the walls 
of the filter pores. It is probable that hormone broth is more efficient 
than saline in preventing the adherence of the virus to the walls of 
the pores, although the actual mechanism of its action is unkno^vn. 
Tlie glass fragments are probably more efficient than sand in grinding 
up the virus-containing tissue by reason of their sharp edges, but 
another reason may be that the virus adheres to the sand, and not 
to the glass. Another phenomenon which needs further investiga- 
tion is the action of oxidation in preventing filtration of the virus from 
an emulsion of the pulp which has been exposed to air for some time, 
although here again it is probable that a change in the charge on the 
virus makes it adhere to the pores of the filter. 

Although not as active as the unfiltered non-sterile emulsion which 
is in general use for vaccination against small-pox, a sterile filtrate 
can be prepared which approaches the former in strength and is prob- 
ably quite active enough for the purposes of immunization. When 



HUGH K. WAIOJ 


39 


inoculated on to the skin of a calf by the scratch method, the result- 
ing lesions are indistinguishable from those from standard vaccine. 
A suitable technique for human vaccination has yet to be worked out. 
Theoretically, there should be more certainty and no danger with 
intradermal inoculation, as the fluid to be injected contains nothing 
living but the virus. If the scratch method be used, it wordd doubt- 
less be necessary to add some substance such as glycerine to make the 
fluid sticky, as the filtrate alone (consisting mainly of broth) runs off 
the skin too readily. 

Recent work has thrown considerable doubt on the presence in 
serums which neutralize filtrable viruses in 'dvo of antibodies reacting 
in vitro, and certainly no evidence was obtained in these experiments 
for the presence of agglutinins, precipitins, or complement-fixing anti- 
bodies in a serum which neutralized in vivo a filtrate containing the 
vaccinia virus, using the filtrate as the antigen in the in vitro exper- 
iments. 

Previous differential centrifugation experiments with vaccinia virus 
have always shown a concentration of the virus in the lower part of 
the centrifuge tube, but as they have been carried out with an un- 
filtered emulsion, it could be argued that the virus was simply carried 
down or contained in the cells and cellular detritus. However, the 
experiment outlined above — in which a clear filtrate was centrifuged 
at only a moderate revolution rate — showed a fairly definite concen- 
tration of the virus in the lowermost layer. This and the almost 
complete retention of the virus by a Berkefeld N filter point to it as 
within the limits of visibility under the microscope. Suggestive forms 
were seen, but proof of their identity with the virus is still to seek. 

It has also been shown in these experiments that at least one fil- 
trable virus can survive perfectly well without the addition of glycer- 
ine, if it has been freed from its -containing tissue by filtration, and 
indeed the addition of glycerine seems to be somewhat detrimental 
to its survival under these conditions. 

CONCLUSIONS 

1. A very active filtrate can be obtained from vaccinia lesions by 
grinding up the fresh tissue with glass fragments, emulsif 3 ring in hor- 
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mone broth, centrifuging the emulsion and filtering the supernatant 
fluid through a Berkefeld V filter. 

2. The sterile filtrate so obtained has been shown by comparative 
titration on rabbits to have about one-sixteenth of the activity of the 
non-sterile emulsion used in human vaccination. 

3. Centrifugation of such a filtrate shows a partial concentration of 
the virus in the lowermost layer. 

I' 4. The virus survives for a long time, if the filtrate is kept near the 
freezing point, and probably will survive indefinitely if kept frozen. 
The addition of glycerine is not necessary. 

The author wishes to express his grateful thanks to Dr. B. White 
and Dr. A. L. Reagh of the Massachusetts Antitoxin Laboratory for 
the readiness with which they placed vaccine pulp at his disposal on 
numerous occasions. 



ATTEMPTS TO REPRODUCE RHEUMATIC FEVER IN 

ANIMALS 

Bv LOUIS GROSS, M.D., LEO LOEWE, M,D., akd BENJAMIN ELIASOPH, M.D. 
{From the Laboratories oj Mount Sinai Hospital, New York) 

Plates 1 to 3 

(Received for publication, April 22, 1929) 

INTRODUCTION 

With the assumption that rheumatic fever* is due to some infectious 
agent, the isolation and^dentification of the agent has been attempted 
by bacteriological and immunological methods as well as by animal 
experimentation. Of the various organisms which have been de- 
scribed in connection with this disease, the streptococcus has held 
foremost attention and is at present the only one which deserves 
serious discussion with respect to etiology. An analysis of the present 
status of our knowledge on the cause of rheumatic disease, with few 
and practically negligible exceptions, amounts to an evaluation of the 
possible role played by the streptococcus. 

The association of the streptococcus wath rheumatic disease was first brought 
into prominence by Po 3 mton and Paine.^ Whilst many articles have been pub- 
lished on the subject, up to recent years those investigators who had conducted 
the greater number of animal experiments with streptococci paid little attention 
to the biochemical characteristics of the organisms with which they were dealing. 
It is particularly for this reason that it is difficult to analyze and evaluate much 
of the past literature on this subject. 

The first obstacle which presents itself in the acceptance Of the streptococcus 
as the etiologic agent of this disease is that, whereas many investigators claim an 
extraordinarily high percentage of positive blood cultures (Herry,^ Freund and 

*\Ve feel that the terms “Acute rheumatic fever, Acute articular rheumatism. 
Rheumatic pancarditis,” etc., are each in themselves too limited to, cover de- 
scriptively all the possible manifestations of this disease. It would seem that the 
term “Rheumatic Disease” would be preferable inasmuch as this condition un- 
doubtedly e.xists during afebrile periods. 
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Berger,® Clawson,^ Suranyi and Forro®«), many equally careful investigators have 
obtained a strikingly small percentage of positive blood cultures (McCrae,® 
Philipp,® Cole,’' Harrison,® Swift and Kinsella®). These discrepancies, however, 
may be explained possibly on the basis of different technic employed. 

The next objection lies in the variety of streptococci which have been found. 
Thus, while many investigators have obtained from various sources (though 
principally blood cultures) the Streptococcus viridans (Swift and Kinsella, ® Freund 
and Berger,® Clawson^), some have obtained a non-methemoglobin producing 
organism (Small,i® Birkhaug“) and some have obtained an occasional hemolytic 
streptococcus (Clawson,^ Rosenow^®). The difficulty is further enlianced by the 
fact that in the hands of most observers the organisms do not appear to fall 
into one serological group. The outstanding exceptions to this are: Claw- 
son,^ who found 7 of his 10 Streptococcus viridans strains to fall into one homo- 
geneous serological group. Small,*® who found that 31 strains of “Streptococcus 
cardioarthritidis" obtained from blood cultures, tonsils, feces, etc., fall into one 
serological group, and Kreidler,*® w'ho found that 107 strains of “Streptococcus 
cardioarthritidis” obtained from similar sources also fall into one serological group. 
It is noteworthy that none of these investigators mention absorption tests to 
prove that they were not dealing with group agglutination. 

The only explanations which would still be consistent with such 
diametrically opposed 'findings as regards the streptococcus would 
be to assume either with Rosenow*® that the streptococcus need not 
be of a specific type but with specific affinities, or that in this disease 
the human tissues respond by a specific reaction to non-type- specific 
agents, particularly under certain hypersensitive states. The latter 
hypothesis has been voiced by a number of workers and has recently 
been stressed by Swift® and his coworkers. 

Another more outstanding discrepancy lies in tlie fact that, whereas many have 
claimed the reproduction by means of streptococci, etc., of one or more of the 
following lesions: endocarditis, arthritis, chorea, and, more significantly, Aschoff- 
like bodies (Wassermann, Westphal and Malkoff,*'* Meyer,*® Poynton and Paine,* 
Shaw,*® Beattie,*^ Rosenow,*® Coombs, Miller and Kettle,*® Jackson,*® Harzell 
and Henrici,®® Henrici,®* Small,*® Belk and Jodzis,®® etc.), others have been able 
to reproduce similar lesions with a variety of organisms not fiom rheumatic 
sources (Cole,® Border,®® Davis,®* Thalhimer and Rothschild,®® Cecil,®® Topley 
andWeir®^). 

In connection with the alleged production of Aschoff bodies, it 
must be pointed out that not only are the published photomicrographs 
of these lesions in animals entirely unconvincing, as has been pointed 
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out by some of the last named observers, but, also, that Miller'*® 
called particular attention to the spontaneous occurrence of inflam- 
matory foci in the myocardium of the rabbit and of the guinea pig and 
suggested that these lesions may have been mistaken for Aschoff bodies 
in the past. 

The interesting work by Birkhaug'*^ which has recently been reported may-be 
mentioned. Birkhaug has obtained a toxin from a non-methemoglobin forming 
streptococcus which he claims produces a positive skin reaction in a higher per- 
centage of rheumatic patients than in non-rheumatic subjects. Injected into his 
own -wrist joint (after previously sensitizing himself -with subcutaneous injections 
of the toxin) , it produced a wandering arthritis resembling rheumatic polyarthritis. 
No definite conclusions can, however, as yet be drawn from this work. Birk- 
haug’s work on skin reactions has been confirmed by Kaiser,**® Swift,® and his 
coworkers, and by Edith Irvine-j ones.® ° 

Swift and his coworkers, however, showed that rheumatic patients are equally 
sensitive to filtrates from Streptococcus viridans, as well as to vaccines and nucleo- 
proteins. In fact, they hold that rheumatic patients show an intensified re- 
actmty (hyperergy) to these products and suggest the possibility that rheumatic 
disease may be the expression of some such “hyperergy” produced by a variety of 
streptococci. 

Edith Irvine-Jones®® found that filtrates made from streptococci of the alpha, 
beta and gamma variety,®® whether obtained from throats of normal subjects or 
from those suffering of rheumatic disease, produced in the latter a higher percent- 
age of positive skin reactions than in normal controls. 

It is not our intention to re-view tbe literature on rheumatic disease 
in detail. It is obvious, however, from this brief survey that the 
subject is still in a chaotic state. For this reason, we thought it 
advisable to repeat some of the work reported in the past, particularly 
-with the object of reproducing the disease in animals. Moreover, 
there was to be used a large number of animals of different species 
and a variety of materials obtained from rheumatic "patients (see 
“experimental” below), including “pedigreed streptococci,” i.e., 
organisms obtained from patients in whom autopsy, biopsy (subcuta- 
neous nodules), or clinical foUow-up established the fact that they had 
suffered of rheumatic disease at the time that the cultures were made. 
In addition, there was to be employed a variety of procedures cal- 
culated to sensitize the animals or render them susceptible to the 
disease. 
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EXPERIMENTAL 

The material and technique employed in these studies were as 
follows: 

Inocida. — ^I. INventy strains of streptococci whose source and cultural charac- 
teristics are shown in Table I. In order to indicate that these organisms were 
obtained from patients suffering of rheumatic fever, they will be referred to briefly 
as “Rheumatic streptococci.” h^any of the organisms were passed through 
animals in order to raise their virulence (see appendix). The procedure adopted 
was to place the organisms in pure culture with broth in collodion sacs. The sacs 
were transplanted into the peritoneal cavities in animals of the same species into 
which the organisms were ultimately to be injected. In the case of rabbits, the 
strains were passed through the knee joints of successive animals. 

II. Apart from the streptococci, there was used other material from rheumatic 
cases, such as, whole blood, plasma and buffy laj^er, serum, pericardial and hydro- 
cele fluid, and filtrates from tonsils, subcutaneous nodules, lymph nodes and naso- 
pharyngeal washings. These were obtained from sources indicated in Table I. 
The lymph nodes, subcutaneous nodules, and tonsils were each ground with 
sterile sand, extracted with saline and filtered through Berkefeld candles. The 
filtrates were injected in the manner indicated in the protocols. 

Animals . — Seven species of animals were employed, ws., rabbits, guinea pigs, 
dogs, cats, swine, sheep and calves. Most of the rabbits employed and all of tlie 
dogs, cats, and guinea pigs were full grown animals. The sheep were approxi- 
mately 8 months old. The swine and calves were used shortly after being weaned. 

In tlie several groups of animals employed a variety of procedures were in- 
stituted in different combinations. 

Porlal of Inocnlation . — ^Injections were made intravenously, intratracheally, 
intracardially, into the tonsils, joints, pericardium, peritoneal cavity and naso- 
pharyngeal mucous membrane. 

Physical State of Inoculum . — Washings of 18 hour agar slants, 18 hour cultures 
in various fluid mediums,* organisms agglutinated in homologous rabbit sera, 
organisms incubated (sensitized?) in sera from patients suffering of rheumatic 
disease, organisms mixed with finely divided agar, organisms suspended in 5% 
gum tragacanth. 

Other Procedures . — Infected agar masses were injected subcutaneously into some 
animals. Large doses of Digitan were injected intravenously into some animals 
with the object of poisoning the heart muscle and thus lowering its resistance to 
infection.! In many animals an exter nal jugular or a femoral vein was cither 

* Noguchi, Rosenow, dextrose veal infusion broth, dextrose mutton infusion 
broth, human hormone medium. 

t These injections were carried out in rabbits only. Each rabbit received one 
intravenous injection of 0.5 cc. of Digitan per kilo twice a week to begin with. 
The dose and number of injections were increased gradually so that after three 
weeks the animals were receiving 1 cc. per kilo daily. 
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crashed or painted with 20% silver nitrate. The object of this was to produce a 
thrombus which might become the seat of infection with the organism subse- 
quently injected intravenously. It was hoped in this way to produce a constant 
blood stream infection. Many animals were injected intraperitoneally with large 
doses of saturated Trypan blue in saline (20 cc. per kilo of rabbit injected weekly). 
The object of this procedure was to attempt a blockade of the reticulo-endothelial 
system in order to lower resistance to infection. Daily temperature readings 
were taken but only abnormal temperatures are indicated in the protocols. 

For convenience of analysis the experiments will be summarized in 
three groups, viz., Group A, Group B, Group C. In each group, 
animals of different species were used with the object of finding a 
species susceptible to the organism or virus and because it was hoped 
that the existence of blood vessels in the valves of some of these species 
(calves, sheep, swine) in fairly high per cent might furnish a means of 
localizing an infective agent in the valves. 

In some of the groups the experimental procedures were relatively 
simple, hence an abbreviated summary of the technic will be given for 
these groups. Where the procedures were more complicated, detailed 
protocols will be given in the appendix. 

Group A 

Dietrich’^ has claimed that after sensitizing rabbits by means of 
successive intraperitoneal injections of first, dead organisms (staphylo- 
cocci) then live organisms, followed after a suitable interval of time 
by a small intravenous injection of live organisms, he was able to 
obtain a high per cent of verrucous endocarditis in rabbits. We 
attempted to repeat this method of sensitization in a variety of species, 
using streptococci obtained from patients suffering of rheumatic dis- 
ease, in the hope of producing verrucous endocarditis with, possibly, 
other rheumatic clinical and pathological manifestations. 

Twenty-four rabbits, 12 guinea pigs, 5 dogs, 9 cats, 2 swine, 1 sheep and 2 
calves were employed in this experiment. These were divided ip three equal 
subgroups. The first subgroup was injected with Strains 7A-MB and 26A-IS. 
The second subgroup was injected with Strains 5A-MK, 9A-IS, 3A-EB, 6A-MT, 
lOA-IS, 4A-RD, and llA-RG. The third group received Strain SA-bTG. Since, 
however, there -were no conspicuous differences in the results found in these sub- 
groups the procedures detailed in the following pages will refer only to “rheu- 
matic streptococci” without indicating the identity of the individual strains. 
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Rabbits 

Twenty-four rabbits received from 1 to 6 injections of “rheumatic streptococci.” 
The first intraperitoneal injection consisted of an amount of saline suspension of 
killed* organisms equivalent to 3 sq. cm. of an 18 hour growth on glucose agar. 
In the following three intraperitoneal injections, given at 4 day intervals, the 
number of organisms was doubled each time. The fifth intraperitoneal injection 
was similar to the first except that living organisms were employed. The sixth 
injection was given intravenously after a 12 day interval and consisted of one 
loopful of an 18 hour agar slant of the organisms. 

Only six of these rabbits lived long enough to receive an intravenous loopful. 
These rabbits were exsanguinated under ether anesthesia in from 2 days to 1 
month after the last injection. One of the rabbits showed, microscopically, 
several small scattered areas of accumulations of Ijonphocytes and mononuclear 
cells in the heart muscle. Otherwise the gross and microscopic findings in all six 
rabbits were negative. The remaining 18 rabbits died in from 6 days to 4 weeks 
after the initial injection. Eleven of the rabbits gave completely negative re- 
sults. Of the remaining seven, five died with purulent pleurisy and lobular or 
lobar pneumonia due to organisms other than the streptococci injected. Four 
showed, microscopically, small scattered areas of scarring in the heart muscle, 
two showed a low grade pericarditis with mononuclear cells. One showed small 
focal interstitial collections of lymphocytes in the myocardium. One showed an 
acute focal interstitial myocarditis. One showed a large, irregular, thrombotic 
mass on the posterior cusp of the mitral valve. This thrombotic mass contained 
no demonstrable bacteria. There were no evidences grossly or microscopically of 
embolic phenomena in any of the organs. It is rather interesting to note that this 
rabbit received only two intraperitoneal injections of dead, pooled organisms. 

Guinea Pigs 

Twelve guinea pigs received from 8 to 10 injections of “rheumatic strepto- 
cocci.” The first intraperitoneal injection consisted of an amount of a saline 
suspension of killed organisms equivalent to 1.5 sq. cm. of an 18 hour growth on 
glucose agar. In the foUmving three intraperitoneal injections, given at 4 day 
intervals, the number of organisms was doubled each time. The ne.xt three intra- 
peritoneal injections were similar to the first three injections, respectively, except 
that live organisms were employed. After a lapse of 1 week, the equivalent of 
one-half a loopful of an agar slant of live organisms was injected intravenously. 
Slx of the guinea pigs received two more intravenous injections of live cultures each 
equivalent to 500 loopfuls of agar slant, at weekly intervals. 

Tv'o guinea pigs died before receiving the intravenous injection. The rest 
were bled out under anesthesia at intervals varying from 1 day to 4 months after 


* Killed by weak phenol solution. 
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receiving the last injection. None of the animals presented clinical or gross 
pathological abnormalities. Microscopically, six showed focal interstitial, accu- 
mulations of lymphocytes and large mononuclear cells in the heart muscle. There 
was a tendency toward perivascular localization of these inflammatory foci. They 
were also localized, apparently with predilection, in the auricular muscle at the 
base of the mitral valve. 


Dogs 

Five dogs received from 6 to 9 injections of “rheumatic streptococci.” The 
first intraperitoneal injection consisted of an amount of a saline suspension of 
killed organisms, equivalent to 9 sq. cm. of an 18 hour growth on glucose agar. 
In the followng three intraperitoneal injections given at 4 day intervals, the num- 
ber of organisms was doubled each time. The next four intraperitoneal injections 
were similar to the first four injections, respectively except that live organisms 
were employed. After a lapse of 2 weeks the equivalent of three loopfuls (in 2 dogs, 
300 loopfuls) of an agar slant of live organisms was injected intravenously. 

The dogs were bled out under anesthesia in intervals of from 2 weeks to 4 
months. One dog died of lobar pneumonia before receiving the intravenous 
injection of live organismfe. The other dogs shov;ed no gross or microscopic 
pathological lesions. Clinically, the dogs had been normal. 

Cats 

Nine cats received each from 8 to 9 injections of “rheumatic streptococci.” 
The first intraperitoneal injection consisted of an amount of a saline suspension of 
killed organisms equivalent to 6 sq. cm. of an 18 hour growth on glucose agar. 
In the following three intraperitoneal injections, given at 4 day intervals the num- 
ber of organisms was doubled each time. The next four intraperitoneal injections 
were similar to the first four injections respectively, except that live organisms 
were employed. After a lapse of 2 weeks the equivalent of two loopfuls (in 1 cat, 
1000 loopfuls) of an agar slant of live organisms was injected intravenously. The 
cats were bled out under anesthesia in intervals of from 1 week to 4 months. 

None of the cats showed clinical or gross pathological evidence of disease. 
One cat showed several interstitial foci of necrosis with lymphocytic infiltration, 
large mononuclear cells and occasional binucleated cells in the heart muscle 
(Fig. 1). Four cats showed focal interstitial (in one case, perivascular, Fig. 2) 
accumulations of lymphocytes and mononuclear cells in the heart muscle. The 
organs were otherwise normal. 


Swine 

Two swine received each 9 injections of “rheumatic streptococci.” The first 
intraperitoneal injections consisted of an amount of a saline suspension of killed 
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organisms equivalent of 12 sq. cm. of an 18 hour growth on glucose agar. In the 
following three intraperitoneal injections, given at 4 day intervals, the number of 
organisms was doubled each time. The next four intraperitoneal injections were 
similar to the first four except that live organisms were employed. After a lapse of 
1 week, the equivalent of four loopfuls of an agar slant of live organisms was in- 
jected intravenously. 

One swine developed slightly swollen knee joints which were neither red nor 
fluctuating, and a temperature of 104.6° 1 day after receiving the intravenous 
injection. No cultures were taken from these joints. In several days the joints 
subsided. 2 weeks after receiving the intravenous injection of organisms, the 
animal was bled out under anesthesia. All tlie organs including the joints were 
negative, macroscbpicaUy and microscopicall 3 ^ 

The other swine also showed somewhat swollen knee joints the day following the 
intravenous injection of live organisms. There was no elevation of temperature. 
These joints were neither red nor fluctuating and subsided in a week. 1 week later 
the equivalent of 600 loopfuls of an agar slant of live organisms was injected in- 
travenously. 1 month later the animal was bled out under anesthesia. The 
gross and microscopic findings were negative. 

Sheep 

One sheep received an intraperitoneal injection of an amount of saline sus- 
pension of killed organisms equivalent to 18 sq. cm. of an 18 hour growth on glu- 
cose agar. In the following three injections, given at 4 day intervals, the number 
of organisms was doubled each time. The next four intraperitoneal injections 
were similar to the first four injections, respectively except that live organisms 
were employed. Following a lapse of 2 weeks the equivalent of six loopfuls of live 
organisms w’as injected intravenously followed in 2 weeks by a similar injection of 
the equivalent of 600 loopfuls of live organisms. 1 month later the animal was 
bled out under anestliesia. 

Following the third intraperitoneal injection of dead organisms the temperature 
rose to 107.4°F. 2 days later it fell to normal and continued so until the animal 
was bled out under anesthesia. 

The only positive pathological finding was a few interstitial foci of Ij-mphocytes 
and mononuclear cells in the heart muscle of the left ventricle. 

Calves 

Two calves received each 9 injections of “rheumatic streptococci.” The pro- 
cedure and doses were exactly the same as for the sheep in the previous e.xperiment 
except that 3 weeks after the last intraperitoneal injection of live organisms the 
calves received each the equivalent of 600 loopfuls of live organisms injected 
intravcnousl}'. 4 months later both cables were bled out under anesthesia. The 
temperature remained normal throughout the experiment. The findings were 
the same as those of the sheep in the previous experiment. 
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Sunpnary of Clinical and Pathological Findings in Group A 

Out of the 24 rabbits, 12 guinea pigs, 5 dogs, 9 cats, 2 swine, 1 sheep and 2 
'calves used in this experiment, marked temperature elevation was noted only in 
the sheep and in one of the swine. Non-fluctuating arthritis which persisted for a 
short time only was observed in the swine. Most of the pathological lesions were 
found in the rabbits as follows: low grade, non-specific inflanamatory, myocardial 
foci in 2, myocardial scarring in 4, purulent pleurisy and lobar or lobular pneu- 
monia in 5, low grade pericarditis in 2, acute focal myocarditis in 1, and a non- 
bacterial thrombus in the mitral valve of 1. Six guinea pigs and five cats showed 
lov/ grade, non-specific, inflammatorj', myocardial foci. One dog showed a lobar 
pneumonia. 

Group B 

In thus group 32 rabbits were employed. The object here was to 
produce in varying combinations thrombosis of a large vein with 
streptococcal invasion of the thrombus, blockage of the reticulo- 
endothelial system, poisoning of the heart muscle with Digitan and a 
continuous toxemia (if this were possible) by the injection subcuta- 
neously of 15 cc. agar mass subsequently mfected with “rheumatic 
streptococci.” 

The technic employed is described under “methods” (see above). The sub- 
grouping of this experiment was as follows: 

(a) 4 rabbits received Trypan blue, infected agar mass, thrombosis. 

(b) 4 rabbits received Trypan blue, infected agar mass, thrombosis, Digitan. 

(c) 4 rabbits received Trypan blue, thrombosis. 

(d) 4 rabbits received Trypan blue, thrombosis, Digitan, 

(e) 4 rabbits received thrombosis. 

(f) 4 rabbits received thrombosis, Digitan. 

(g) 4 rabbits received infected agar mass. 

(h) 4 rabbits received infected agar mass, Digitan. 

Each rabbit received in addition daily intravenous injections of 10 cc. broth 
culture of live pooled “rheumatic streptococci” consisting of Strains lA-RG, 
2A-JIV, 3A-EB, 12A-LH, 26A-IS, 27.A-SD, 28A-FB, 13A-R, 14A-R, 15A-R, 
16A-Randl7A-R. 

It may be said at the outset that there were no special differences in the findings 
of the various groups. The animals died or were killed in from 1 week to 5 months 
after the begiiming of the experiment. Only seven rabbits siurvived over 2 
months, at about which time they all showed swollen suppurating knee joints 
from which streptococci were cultured. 

All but one of the rabbits had negative blood cultures. In most of the cases, 
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however, insufficient amounts of blood were obtained for culture because we did 
not udsli to bleed directly from the heart. The positive culture was obtained 
from a rabbit who had suppurating knee joints and was bled out under anes- 
thesia 3 months after the beginning of the experiments. 

Another rabbit with suppurating knee joints was bled out and showed a bac- 
terial (streptococcus) endocarditis involving the entire mitral valve, with acute 
focal suppurative myocarditis. The myocardium showed numerous streptococcus 
emboli in the blood vessels. The kidneys showed streptococcus emboli in the 
arterioles and glomerular loops. There was also a focal embolic glomerulo- 
nephritis not quite typical of the Loehlein lesion (Fig. 3). The spleen showed a 
large amount of brown pigment and an increase in large mononuclear cells. 

Apart from this, three rabbits showed focal suppurative nephritis, two showed 
chronic interstitial nephritis, four showed scattered lymphocytic collections in 
the myocardium, one showed focal necrosis with calcification in the myocardium, 
four showed small scattered areas of scarring in the myocardium; one showed 
a chronic (lymphocytic) interstitial valvulitis of the mitral valve, one showed a 
suppurative pericarditis. 


Group C 

For these e-xperiments there were employed 11 swine, 3 calves, and 
2 sheep. The procedures in this group were so varied and extensive 
that it is desirable to record them in abstracted protocols (see ap- 
pendix). Briefly stated, the animals in this group received numerous 
injections of agglutinated and unagglutinated “rheumatic strepto- 
cocci;” of blood clot infected' with “rheumatic streptococci;” of 
possible “virus” material represented by whole blood; plasma; serum; 
pericardial, pleural, and hydrocele fluid; and filtrates from tonsils, 
subcutaneous nodules, lymph nodes, and nasopharyngeal washings. 
This “virus” material was obtained from patients suffering of rheu- 
matic disease (Table I). These materials were introduced through 
one or more of the following routes: intravenously, intraperitoneally, 
intracardially, and into the tonsils, trachea, or joints. As will be 
noted, the procedure was varied somewhat for the different animals. 

Summary of Clinical and Pathological Fmdings in Group C 

Sivine 

The experiments lasted from 1 week to 1 month. The temperature of some of 
the animals rose at times to 105. 7°F., but this could not be correlated with any 
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of the other findings. None of these animals developed swollen joints or other 
discernible clinical manifestations. They were all bled out under anesthesia. 

One swine (Swine 1) which had received an intracardiac injection, showed at 
autopsy an adherent pericarditis with acute and subacute inflammatorj'- foci in 
the pericardium (Fig. 4) as well as in the superficial layers of heart muscle. No 
bacteria were found in the microscopic sections. Four showed occasional inter- 
stitial foci of lymphocytic and mononuclear cells in the heart muscle. Two showed 
a low grade chronic inflammation of the pleura associated with a fibrinous peri- 
carditis. Two showed a small amount of scarring in the media of the aorta. One 
showed a mild interstitial valvulitis. 


Calves 

The three calves used in this experiment died 2 weeks, 5 weeks, and 3 months, 
respectively, after the beginning of the experiment. The temperature showed no 
unusual fluctuations. All the injections in these animals were done intravenously. 

Two of the calves developed a suppurative arthritis of the knee joints from which 
streptococci were cultured. One of the calves developed the arthritis 3 weeks 
after the beginning of the experiment. At autopsy this calf showed an organizing 
synovitis. The findings were otherwise negative. The other calf (Calf 4) de- 
veloped arthritis 10 weeks after the beginning of the experiment. At autopsy 
there w’as found a small warty vegetation in the left ventricle at about the middle 
of the interventricular septvun (Fig. 5). The vegetation measured 2x3 mm., was 
raised 2 mm. above the endothelial lining, was smooth, with a broad base, and 
could be scraped off with the finger. Microscopic preparations with hematoxylin 
and eosin stains showed the vegetation to be covered by endothelium. The bulk 
of the vegetation showed purplish-pink staining, more or less hyaline material 
with a scattering of lymphocytes at its base. A few streptococci and Gram posi- 
tive bacilli were found in the superficial layers of this thrombotic mass. The 
impression gained was that these organisms were post-mortem invaders. On 
the other hand, the heart muscle, spleen, and kidney showed many streptococcus 
emboli in the smaller vessels. A fibrinous pericarditis, a suppurative arthritis and 
a lobar pneumonia were the other findings in this animal. 

The third calf (Calf 5) disclosed at autopsy a lobar pneumonia and a small warty 
nodule situated on the middle of the right posterior cusp of the aortic valve within 
the sinus pocket, 2 mm. below the free edge. The thrombotic mass measured 
2x2 mm., was round and fairly smooth. On section it proved to be a typical 
streptococcus vegetation. The other organs were negative grossly. Unfortu- 
nately, however, the spleen and kidneys were lost before microscopical material 
was taken. 

Sheep 

The two sheep employed in this experiment died 9 and 10 weeks, respectively, 
after receiving the first injection. The temperature remained within normal 
limits. 
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One sheep received intravenous injections only. At autopsy there were disclosed 
lobar pneumonia and, microscopically, a few small interstitial foci of mononuclear 
cells in the myocardium. The other sheep (Sheep 3) received only intracardiac 
injections. After the third injection, 9 days after beginning of the experiments, 
positive blood cultures (streptococci) were obtained. This bacteremia remained 
until the death of the animal. 2 days before death, small petechiae which ap- 
peared to be white-centered were found in the conjunctivae of tlie animal. At 
autopsy there was found an organizing non-bacterial, fibrinous pericarditis, mas- 
sive vegetative endocarditis of the aortic and mitral valves, fresh splenic infarction 
and bacterial emboli in the spleen, kidneys and heart muscle. 

DISCUSSION 

We have described a rather extensive attempt to induce rheumatic 
fever in animals by the use of streptococci isolated from patients 
suffering of rheumatic disease, as well as by the use of other material 
which might reasonably be supposed to contain the “virus” of the 
disease. 

By consulting Table I it wiU be seen that many of the strains of 
streptococci were obtained from blood cultures in uncontaminated 
form. An analysis of the older up to the most recent literature on the 
subject brings out a striking similarity between the cultural char- 
acteristics of our organisms and many of those previously reported. 

Some of the strains as well as “virus” material, it will be noted, 
were obtained from patients where a subsequent autopsy confirmed 
the diagnosis of rheumatic disease. The “virus” material was ob- 
tained in all instances from patients in whom the past history, present 
illness, and subsequent history left little doubt as to the correctness 
of the diagnosis. We desire to lay especial emphasis on our use of 
material from cases in which histological examination of biopsy 
material (subcutaneous nodules) as well as autopsy material made 
the diagnosis absolutely certain. 

In contrast to this, much of the experimental work reported in the 
literature was carried on with streptococci isolated from contaminated 
sources, e.g., tonsils, feces, post-mortem material, etc., or blood cultures 
from patients in whom the diagnosis of rheumatic disease was not 
confinned by autopsy. It may, therefore, be argued that the equivo- 
cal results obtained by these workers were at least in many instances 
due to the fact that the etiological agent responsible for the disease 
(f.c., the specific strain of streptococcus) was not employed. 
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Scattered references in the literature deal with observations on 
streptococci as secondary invaders in various conditions. Libman®® 
has stressed this point for a number of years. In a recent article on 
general infections by bacteria, he states; 

As I have repeatedly emphasized, we now realize the fact that the anhem- 
olytic streptococci constitute the most important secondary aerobic invaders 
with which the clinician has to reckon. They can be regarded as almost ubiqui- 
tous organisms, having been found in the blood in a great variety of conditions, 
in lymph nodes of various kinds removed during life, and quite regularly in post- 
mortem examination in organs studied in connection -with etiologic investigations 
of several epidemic diseases. 

• 

The questionable value of the employment of streptococci obtained 
from post-mortem material has been further emphasized by the 
observations of Epstein and KugeP* in this laboratory. These 
workers, using routine autopsy material from non-rheumatic cases, 
have obtained streptococci of various types from perfectly normal 
valves in 40% of their cases, from heart muscle in 47%, from bone 
marrow in 67%, and from blood cultures in 79% of their cases. 

It is obvious, therefore, that the finding of small numbers of such 
organisms in a vegetation, joint, pericardial cavity, subcutaneous 
nodule, etc., is by itself slim evidence as to their relation to the disease 
studied. In the absence of immunological reactions in the patients’ 
blood against these organisms we must rely, at the present time, 
entirely upon the experimental production of the pathognomonic 
lesion of rheumatic disease, the Aschoff body, before concluding that 
the organism is responsible for the disease. 

In the evaluation of our work we set for ourselves certain definite 
criteria which had to be fulfilled in order to establish the production 
of this disease. These criteria are the reproduction of (1) the Aschoff 
body, (2) non-bacterial pericarditis, (3) non-bacterial verrucous 
endocarditis. Of these, we held the Aschoff body to be, par excellence, 
the desideratum. 

Tlie production of migratory arthritis even of a non-bacterial type 
held for us but passing interest, first because it is not an essential 
concomitant of the disease in the human, secondly, because such 
joint conditions can be produced by a variety of agents. It is in the 
recognition of the experimentally produced Aschoff body that most 
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of the work in tire past has been uncritical. For, whilst it is well 
known that the Aschoff body in the human heart is somewhat pleomor- 
phic, one is reassured of his diagnosis of this lesion in the human heart 
even when it occurs in its less characteristic form, by the almost 
invariable coexistence of verrucous endocarditis, the less frequent 
occurrence of fibrinous non-bacterial pericarditis, the pathognomonic 
subcutaneous nodules and the long studied and fairly characteristic 
clinical course, together with the electro-cardiographic signs. One is 
further aided by the extensive knowledge of the pathology of the 
human heart where the tremendous fund of data gathered has show 
that there are very few lesions with which the Aschoff body in its 
most characteristic form can be confused to the critical eye. 

This is obviously not the case with experimental animals. MiUer-® 
has shown that in rabbits and guinea pigs, focal perivascular accumula- 
tions of large polyhedral cells with single or multiple nuclei are not 
infrequently found as spontaneous lesions. Tins we have been able 
to confirm. The spontaneous lesions which may occur in other 
experimental animals are not well known and perhaps it is not super- 
fluous to state that one must guard against confusing such lesions witli 
those intended to be produced experimentally. Further, tlie rabbit, 
and possibly other animals, are peculiarly prone to the formation of 
multinucleated cells in collections somewhat resembling Aschoff 
bodies following the injection of a variety of toxic substances. Fig. 6 
shows such a lesion frequently produced in the rabbit’s myocardium 
by the injection of an organism from the hemorrhagic septicemia 
group. This illustration can almost be superimposed upon one ap- 
pearing in a recent publication from Small’s laboratory by Belk and 
Jodzis.-^ These investigators produced this lesion by injections of 
^‘Streptococcus cardio-arthritidis" in rabbits and make the unequivocal 
statement that it is an Aschoff body in spite of the fact that they 
describe the finding of calcium deposition with giant cells in the heart. 

Fig. 4 shows foreign body giant cells and polyhedral cells, with red 
staining protoplasmic granules as shown with the Unna Pappenheim 
stain, produced in the pericardium of Swine 1 in Group C. No 
bacteria were found in the preparation. Such a lesion can be easily 
confused with an Aschoff body to one who is not thoroughly familiar 
with the protean appearances of the latter. 
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With, our associate, Dr. Benjamin Sacks, we submit the following 
structure as constituting an Aschog body. For further details as to 
localization, Sacks’®* excellent review may be consulted: 

The AschoS bodies consist essentially of focal collections of characteristic large 
rplk belonging to the family of histiocytes, forming nodules of variable size and 
shape, those present in the myocardium being located in the interstitial connective 
tissue, in close relation as a rule to the coronary arterioles, and in the subendo- 
cardial tissue not in close proximity to blood vessels. The nodules are rounded, 
oval, globular, fusiform, spindle-shaped or entirely irregular in outline and save in 
very exceptional instances are not large enough to be seen -with the naked eye. The 
interstitial nodules develop in the adventitia or peri-adventitial tissue of the 
coronary arterioles, or at some distance away from the vessel. The nodule may 
approach the vessel at only one point in its circumference or may spread out in 
both directions imtil it surrounds half or even the whole of the circumference. 
The close proximity of the nodule to the vessel may lead to compression of its 
lumen, especially when there are two nodules at opposite poles of the circumfer- 
ence. The interstitial connective tissue about the nodules is often edematous and 
some of the surrounding muscle fibers may undergo degeneration. 

The predominating and essential cell of the Aschoff body is a large, polygonal 
element of variable size and shape, containing one or more nuclei. The cytoplasm, 
which has an indefinite, often'ragged, limiting membrane, is rather homogeneous, 
non-vacuolated, not distinctly granular and in hematoxylin-eosin sections is dis- 
tinctly, though not deeply basophilic. The nucleus may be ovoid or polymor- 
phous. The former is somewhat vesicular and exhibits a sharply dejiited nuclear 
membrane with one or more nucleolus-like structures. The polymorphous type of 
nucleus is generally dark staining, large and occupies a relativelj’- large part of the 
cell. The cytoplasm when stained by the Utma Pappenheim method with methyl 
green-pyronin assumes a distinctive brilliant red color, but this tinctorial property 
is shared by other cells (young cells) to such an extent that it is but rarely, if ever, 
useful for purposes of identification. The cells do not contain detectable phago- 
cj’tosed material and no microorganisms or inclusion bodies have thus far been 
discovered. The multinucleated cells contain two to seven nuclei and in rare in- 
stances even more, but the staining properties of these cells are identical with those 
having a single nucleus. The multinucleated cells differ from the Langhans cells 
of tuberculosis in the central arrangement of their nuclei and resemble to a certain 
extent the Dorothy Reed cells of Hodgkin’s disease. Their number in the Aschoff 
nodules is variable; at times they are few and at other times they may comprise 
as many as half of the characteristic cells. AEtoses have not been encountered. 
Intermingled with the most peripheral of the large cells and especiallv at the mar- 
gins of the nodules there may be a variable number of other tj'pes of cells, includ- 
ing poljTnorphonucIear leucoci'tes, Ijunphotytes and plasma cells. At times 
these cells may be quite numerous. 
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In the fresher nodules it is common to find the characteristic cells arranged 
about a central zone of necrotic substance containing little or no fibrin. As the 
Aschoff bodies grow older, the cells become elongated and lose their characteristic 
appearance. Fibroblasts grow in among the cells and finallj’’ replace them. 
Ultimately, the arteriole about which nodules have developed becomes surrounded by 
an oval or circular band of connective tissue which gives the interstitial tissue in rheu- 
matic infection of the myocardium a very characteristic appearance. In recurrent 
or chronic cases, new nodules ma}^ develop in such periarterial scars. 

No description of the Aschoff bodies is complete without emphasing the e.vtra- 
ordinary variability in the number, size, localization and appearance of these 
lesions, some of these peculiarities already having been referred to. At times the 
myocardiurn may be fairly riddled with large nodules accompanied by severe dis- 
organization of the adjacent muscle fibers and what appears to be edema of the 
entire myocardium. In some cases, sheets of the characteristic cells may be found 
in localized areas of myocardium or pericardium or invading the valves from the 
rings. In the endocardium of the left auricle which is often the seat of a gross 
lesion, the Aschoff bodies are often located in rows about a necrotic collagen or 
elastic tissue fiber, the nuclei being perpendicular to the fibers or they may be 
located more deeply in the endocardium or subendocardium in the neighborhood 
of an irregular area of necrotic tissue, in both cases at some distance away from 
arterioles. 

For the identification of Aschoff bodies, chief emphasis should be laid upon the 
presence of these nodules in the periarterial tissue of tlie myocardium with the 
subsequent development of circular perivascular fibrosis, the tendency for the 
component cells to arrange themselves about necrotic material (collagen?) and the 
morphology and tinctorial properties of the characteristic mononuclear and multi- 
nucleated cells, especially the basophilic cytoplasm and the dark nucleus with its 
sharply defined nuclear membrane and nucleoli. 

It is precisely because there is here room for individual interpretation 
that we have insisted on the other two criteria as well, namely, the 
non-bacterial verrucous endocarditis and the non-bacterial pericarditis. 

A number of reports on the experimental reproduction of rheumatic 
endocarditis describe what is obtdously vegetative endocarditis 
(so-called malignant endocarditis). Apart from the fact that a great 
variet)'- of organisms can produce tliis condition (Menzer,^® Cole,^ 
Border, Thalliimer and Rothschild-®), we can under no circinnstances 
accept such a lesion as of rheumatic origin. 

It might be contended that we are too stringent in our postulates, 
that possibly species otlier than human may present an entirely 
different pathological reaction to the same agent or, indeed, may not 
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be susceptible to the disease. While such a state of affairs would 
be highly regrettable, it does not justify the assumption that vegetative 
endocarditis is verrucous endocarditis or that focal inflammatory 
accumulations in an animal’s myocardium are the equivalent of 
Aschoff bodies in the human. And yet just such assumptions have 
been made. 

Following this prelhninary discussion there is little further we need 
say in the appraisal of our work. We have found in 24 of our animals 
focal accumulations of inflammatory cells — at times closely resembling 
Aschoff bodies and yet so distinct from the latter that we can uncon- 
ditionally state that we have not reproduced the classical Aschoff body. 
We have also found pericarditis in 8 animals, arthritis in 12 and vege- 
tative endocarditis in 4. Furthermore, we feel reasonably certain 
that these lesions were not spontaneous occurrences. Indeed, in one 
case (Fig. 5), a lesion was produced in the outflow tract of the left 
ventricle showing a remarkable resemblance to a rheumatic vegetation. 
This animal, however, showed embolic bacterial lesions in the kidney 
and spleen. In short, whilst many lesions have been produced, we 
cannot state that we have induced rheumatic disease in animals by the 
use of streptococci nor by other materials obtained from hmnan cases 
of this disease; this, despite the fact that we have employed a large 
number of animals, a variety of species and a variety of procedures 
far greater than that hitherto reported in the literature. To this we 
must add the statement that we have also employed the streptococcus 
in conjunction with possible “virus” material in the same animals with 
equally unsuccessful results. 

Before drawing final conclusions, we must emphasize that this work 
does not represent an attempt to disprove the streptococcal theory 
of the etiology of rheumatic fever. It is certainly possible that our 
negative results may have been due to the fact that despite the 
complexity of our experiments and our deliberate attempts to sensitize 
our animals to the streptococcus, we failed to induce the necessary 
receptivity of the tissues, (Swift el al.,^ Semsroth and Koch^®) if 
indeed, such a state of receptivity is an essential prerequisite. 

As we have indicated, however, quite positive conclusions have been 
reached by previous w^orkers. Inasmuch as we have repeated much 
of the work reported in the past, and have amplified these e.xperiments 
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in many ways and on an extensive scale, it seems justifiable to point 
out that rheumatic fever, recognizable as such, has not been repro- 
duced, and to conclude on the basis of such work that either the strep- 
tococcus is not the etiological agent of rheumatic fever, or that the 
species of animal employed are not susceptible to this disease — at 
least under the conditions of these experiments — or finally that 
rheumatic manifestations in the species employed differ markedly 
from those found in the human. Until it is proved that the last of 
these assumptions is correct, one is not justified in making it. 

CONCLUSIONS 

Experiments have been described in which we attempted to repro- 
duce in animals the lesions characteristic of rheumatic fever in the 
human. A large number of animals representing 7 species was 
employed. Among other materials, streptococci isolated in pure 
culture from the blood of rheumatic patients (proved to be so by 
biopsy or by autopsy) as well as whole blood, plasma, serum, peri- 
cardial, pleural and hydrocele fluid, filtrates from tonsils, subcutaneous 
nodules, lymph nodes, and nasopharyngeal washings obtained from 
such patients were used in a variety of combinations and with a 
number of procedures calculated to predispose the animal to the 
disease. 

A discussion is given of the criteria whose fulfillment is essential 
for the establishment of the e.xperimental production of rheumatic 
disease in animals. 

Judged by these criteria, we have failed to reproduce the disease. 
This conclusion, we believe, holds true for all the work thus far 
reported in the literature. 

APPENDIX 

Protocols of Group C 

(The following abbreviations are employed: pld = pooled; IV = intravenously; 
IP = intraperitoneally; IT = intratracheally; cit. & def. = nitrated and defi- 
brinated; NP = nasopharjmgeal mucous membrane; agg = agglutinated.) 

Swine I.— (10/30/25) 10 cc. pld Mass 1,* IV. (11/2/25) femoral vein crushed, 

* !Mass 1 consists of pooled lA-RG, 2A-JW, 26A-IS, 27A-SD, 28A-FB. 
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10 cc. pld Mass 1, IP. (11/5/25) 10 cc. pid Mass 1, into tonsils. (11/6/25) 10 
cc. pld Mass 1 into tonsils, and 10 cc. IV. (11/9/25) 10 cc. pld 2A-J\V, 21A-VS, 
35A-MS, IV. (11/10/25) blood culture taken (streptococci), 10 cc. pld 2A-J1V, 
27A-SD, 21A-VS, 35A-MS, IV. (11/11/25) 10 cc. pld 24A-AW, 28A-FB, 27A- 
SD, 2A-JW, IT. (11/17/25), 10 cc. pld lA-RG, 28A-FB, 24A-AW, 26A-IS, 
35A'MS, into heart. (11/18/25) Swine very sick, can scarcely stand. 10 cc. 
pld 27A-SD, 2A-J1V, 22A-YL, into joints. (11/30/25) Bled out under anes- 
thesia . (For findings see page 53 .) 

Swine 4.~(12/9/25) 15 cc. pld 26A-IS, 3A-EB, lA-RG, IP. 

(12/12/25) 15 cc. culture of streptococci recovered from Swine 1, IP. (12/16/25) 
3 cc. pld 3A-EB, 32A-AK, 23A-MB, 33A-HH, IV. Animal died. Organs 
grossly negative. Auricular muscle lymphocytic interstitial myocarditis. 

Swi 7 te 5. — (12/8/25) blood culture taken (negative). 5 cc. cit. & def. blood 
(32A-AK),W,and25cc.,IP. (12/9/25) lOcc. serum (32B-AK),IV. (12/16/25) 
1 cc. cit. & def. blood (19A-RB), IV, 60 cc., IP. (12/28/25) 20 cc. cit. & def. 
blood (18B-VF), IP. (12/31/25) Blood culture taken (negative.) Bled out 
under anesthesia. Findings negative. 

Swine 6. — (12/20/25) Blood culture (negative). Superficial vein crushed. 
10 cc. pld lA-RG, 2A-J\V, 12A'LH, 3A-EB, 26A-IS, IV, 5 cc. into each tonsil, 
5 cc. into NP, 1 cc. into each ankle joint, and 25 cc. 23A-MB, IP. (12/21/25) 
10 cc. agar mass infected with pld Mass 1, IP. (12/22/25) 5 cc. pld Mass 1, IT. 
(12/23/25) 10 cc. pld Mass 1, IV. (12/24/25) Bled out under anesthesia. 
Auricle shows occasional perivascular mononuclear accumulations. Otherwise 
findings negative. 

Swine?. — (12/20/25) Blood culture (negative). Large superficial vein crushed. 
15 cc. pld Mass 1, IV. 5 cc. into each tonsil and NP, 1 cc. into each of 4 joints. 
25 cc. 23A-MB, IP. (12/21/25) 10 cc. agar mass infected with pld Mass 1, IP. 
(12/22/25) 5 cc. pld Mass 1, IT. (12/23/25) 7 cc. pld Mass 1, IV. (12/28/25) 
20 cc. cit. & def. blood (18B-VF), IP. (12/29/25) 20 cc. pld 12A-LH, 3A-EB, 
2A-JW, IV, and 30 cc. IP. 15 cc. agar mass infected with these cultures, IP. 
4 cc. post-mortem pericardial fluid (18A-VF) ground up with blood clot of Suine 
7, IV. Swine developed edema of lung. (12/31/25) 17 cc. cit. & def. blood 
(37B-JR),IP. (1/2/26) Bled out under anesthesia. Temperature of this swine 
rose to 106°F . on 12/26/25. Only findings are organizing peritonitis. 

Swine 8 . — (12/20/25) Blood culture (negative) . Large superficial vein crushed. 
10 cc. pld Mass 1, IV, 1 cc. into each of 2 joints, 5 cc. into tonsil and NP, 25 cc. 
23A-MB, IP. (12/21/25) 10 cc. agar mass infected with pld Mass 1, IP. 
(12/22/25) 5 cc. pld Mass 1, IT. (12/23/25) 10 cc. pld Mass 1, IV. (12/28/25) 
20 cc. cit. & def. blood (18B-VF), IP. (12/29/25) Swine died. Organizing fibrin- 
ous pericarditis and peritonitis. Scattered interstitial collections of l3'mphocytes 
and monocytes in pericardium. 

Swine 70.— Treatment similar to Swine 8. (1/7/26) Bled out under anes- 
thesia. Blood culture (negative). Fibrinous and mononuclear pericarditis. 
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Swine i2.— Treatment the same as Swine 8. (1/14/26) Bled out under anes- 
thesia. A few scattered mononuclear interstitial foci. Lymphocytic interstitial 
valvulitis of mitral valve. 

Swine 13 . — Treatment the same as Swine 8. {\2/29/2S) Bled out under anes- 
thesia. Blood culture (negative). Negative findings. 

Swine 15 . — Treatment the same as Swine 8, (1/18/26) Bled out under anes- 
thesia. Blood culture (negative). Fibrinous pericarditis and pleuritis. Focal 
lymphocytic and monocytic interstitial collections in myocardium. 

CalJ 1. — (6/17/26) SO cc. pld “R” cultures,* IV. (6/18/26) Left femoral vein 
painted with 20% silver nitrate. IS cc. ground up blood clot from Calf 2 pre- 
viously incubated for 24 hours with 1 cc, pld “R” cultures, IV. 40 cc. pld “R” 
culture, IV. (6/23/26) SO cc. pld Mass 1 and 2,t IV. (6/24/26) SO cc. pld 
Mass 1 and 2, IV. (6/2S/26) 10 cc. nasal washings (37A-JR) incubated with 
2 cc. pld “R” cultures for 24 hours, IV. 40 cc. Mass 1 and 2 agg with homologous 
rabbit serum and washed, IV. (6/26/26) 2.S cc. “R” cultures, 22.S cc. Mass 1 
and 2, and 25 cc. agg Mass 1 and 2, IV. (6/28/26) 30 cc. pld "R” cultures, IV. 
Repeated for following 2 days. (7/2/26) 20 cc. nasal filtrate (37A-JR) and 40 cc. 
pld "R” cultures, IV. (7/7/26) 30 cc. hydrocele fluid (30A-MB) and 20 cc. agg 
"R” cultures, IV. (7/9/26) Blood culture (negative). 20 cc. ground up blood 
clot from Calf 1 which had been incubated over night wth 20 cc. pld Mass 1 and 2, 
IV. (7/10/26) 20 cc. infected blood clot (as above), 20 cc. hydrocele fluid (30A- 
MB), and 5 cc. tonsillar filtrates (31B-AW), intravenously. (7/15/26) 24 cc. 
serum (31C-AW) and 5 cc. "R” cultures, IV. Calf died. Findings completely 
negative. 

Calf 4. — (6/30/26) Collodion sacs containing respectively, 3A-EB, 13A-R, 
14A-R, 26A-IS, and pld "R" cultures in broth implanted IP. Left femoral vein 
painted with 20% silver nitrate, 50 cc. pld “R” cultures, IV. (7/7/26) 50 cc. agg 
“R” culture, IV. Blood culture taken (negative). (7/10/26) 25 cc. infected 
blood clot (similar to Calf 1), and 5 cc. tonsil filtrate (31B-AW), IV. (7/15/26) 
Treatment same as Calf 1. (7/24/26) 10 cc. plasma and huffy layer (31A-AW), 
and 10 cc. 25A'RG, IV. (7/28/26) 10 cc. filtrates of subcutaneous nodules 
(40A-AL), 10 cc. filtrates of lymph nodes (40B-AL), 10 cc. pld Mass 1 and 2, and 
10 cc. agg Mass 1 and 2, IV. (7/30/26) 10 cc. agg pld “R” cultures and 5 cc. 
plasma and buffy layer (39A-EZ), IV. (7/31/26) 5 cc. pericardial fluid (29A- 
MM), 5 cc. tonsil filtrate (34A-JR), and 5 cc. pld "R” cultures, IV. (8/3/26) 
10 cc. pericardial fluid (29A-MIM), 5 cc. serum (36A-HM), and 5 cc. pld “R" 
strains, IV. (8/7/26) Right knee joint markedly swollen. (8/19/26) 15 cc. 
pld “R” cultures, 5 cc. pericardial fluid (29A-MM), 5 cc. lymph node filtrates 
(29B-MM), IV. (8/26/26) 30 cc. agg Mass 1 and 2, and 5 cc. pericardial fluid 


* “R” cultures consist of 13A-R, 14A-R, 15A-R, 16A-R, 17A-R. 
t Mass 2 cultures consist of pooled 2A-EB, 12A-LH, pooled “R” cultures, 2A- 
J\V, and strains recovered from Swine 1. 
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(29A-MM), IV. (9/4/26) 40 cc. pld “R” cultures and 10 cc. tonsil filtrate (38A- 
MP), IV. Swelling gone from knee joint. (9/11/26) 30 cc. pld “R” cultures and 
10 cc. tonsil filtrate (20A-Sy), IV. (9/17/26) SimUar to Sheep 1 on 9/16/26, IV. 
(9/22/26) Capsules removed from peritoneal cavitj' and cultured on blood plates 
and veal broth. (9/24/26) 50 cc. pld rheumatic capsule strains from Calf 4, IV. 
(9/25/26) Calf very sick. (9/27/26) Abdominal wound broke open, dressed. 
(9/26/26) Calf died. (For findings seepage 53). 

Calj 5 . — ^Treatment the same as Calf 4, except that no capsules were implanted 
IP. No swollen joints developed. (8/7/26) Calf died. (For findings see 
page 53). 

Sheep 1. — (7/29/26) Collodion capsules, containing respectively individual “R” 
strains, 3A-EB, 26A-IS, organisms obtained from blood of Swine 1, and 2A-J\V, 
implanted IP. 30 cc. pld Mass 1 and 2, IV. (8/18/26) 20 cc. pld Mass 1, 5 cc. 
each of pericardial fluid (29A-MM) and l 3 rmph nodes filtrate (29B-MM), IV. 
(8/26/26) 20 cc. agg Mass 1 and 2, and 5 cc. pericardial fluid (29A-MM), IV. 
(9/4/26) 25 cc. agg Mass 1 and 2, and 5 cc. tonsU filtrate (38A-MP), IV. 
(9/11/26) 25 cc. agg Mass 1, and 5 cc. tonsil filtrate (20A-SY), IV. (9/15/26) 
IP capsules removed and contents cultured on blood slants and mutton broth. 
(9/17/26) Capsule strains emulsified with 2% agar, 20 cc. injected IV. (10/2/26) 
50 cc. pld capsule strains from Sheep 1, IV. (10/8/26) Stitches of wound infected. 
Capsule cultures emulsified with gum Tragacanth (5% emulsion), 25 cc. injected 
rV. 1 hour later sheep died. A few interstitial mononuclear foci, otherwise 
findings negative. 

Sheep 3. — (10/15/26) 50 cc. agg pld capsule strains from Sheep 1, intracardially. 
This was repeated on 10/19/26, and on 10/23/26. (10/25/26) Blood cultures 
show Gram positive cocci. (10/26/26) 80 cc. agg pld capsules strains of Sheep 1, 
and 10 cc. tonsil filtrate (20A-SY), intracardially. (10/29/26) 80 cc. agg pld 
capsule strains from Sheep 1, intracardially. Blood culture (streptococci). 
(11/4/26) 30 cc. agg pld capsule strains from Sheep 1, intracardially. (11/9/26) 
Similar to 11/4/26, but 50 cc. injected. (11/12/26) Similar to 11/9/26. Blood 
culture (Gram positive cocci). (11/19/29) Blood culture (streptococci). 
(12/7/26) 5 cc. plasma and bufify layer (lOB-IS), 40 cc. agg pld capsule strains 
from Sheep 1, and 5 cc. 7A-MB, intracardially. (12/29/26) Sheep died. (For 
findings see page 54). 
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EXPLANATION OF PLATES 

Plate 1 

Fig. 1. Area of focal necrosis with lymphocytes and large mononuclear cells in 
cat’s myocardium (Group A). 

Fig. 2. Perivascular foci of lymphocytes and large mononuclear cells in cat’s 
myocardium (Group A). 

Plate 2 

Fig. 3. Focal embolic glomerulo-nephritis in kidney of rabbit (Group B). 

Fig. 4. Nodule in^pericardium of Swine 1 (Group C), showing collection of large 
mononuclear cells and giant cells. 

Plates 

Fig. S. Verrucous nodule in left outflow tract (interventricular septum) of 
Calf 4 (Group C). 

Fig. 6. Foreign body giant cells and calcium deposit in left auricle of rabbit. 
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ON TEIE RELATION OF BACTERIA TO SO-CALLED 
“CHEMICAL PNEUMONIA” 

By a. R. KOONTZ, M.D., and M. S. ALLEN 
{From the Medical Research Division, Chemical Warfare Service, U, S, Army) 

PlATES 4 AND 5 

(Received for publication, April 22, 1929) 

I. HISTORICAL 

The pneumonia resulting from inhalation of irritating substances 
has been said to be caused purely by the chemical agents inhaled, and 
not to be due to the action of bacteria. 

Delafield, Prudden and Wood (1) state that “the inhalation of irritating gases, 
especially chlorine, ammonia, nitrogen tetrojdde, bromine, and a large number of 
the corrosive organic products now used as destructive agents in war, gives'rise 
to a characteristic type of pneumonia due solely to the chemical action and not 
necessarily accompanied by bacterial infection, although this may occur.” 

Wood (2) reports a case of pneumonia occurring from breathing nitric oxide 
fumes which resulted fatally. The pneumonia was lobular in type, with desqua- 
mation of mucous membrane of trachea and bronchi, cellular plugs in the bronchi, 
and areas of consolidation around the smaller bronchi. The alveoli in the consoli- 
dated areas were “filled either with a transparent albuminous mass, or with fibrin 
containing a few leucocytes, or with desquamated alveolar epithelium, .... 
Throughout, many alveoli contained red blood corpuscles.” Various staining 
methods showed no organisms. Wood reviewed the literature and found two cases 
reported by Loescheke (3) , in which a search for bacteria in sections had failed to 
reveal their presence. Pneumonia induced in animals wdth nitrogen tetroxide 
(NjOa) fumes was characterized by edema, fibrinous exudate, red and w’hite cells 
and desquamated alveolar epithelium. Cultures were sterile. 

Karsner (4) and Karsner and Ash (5) have shown that rabbits exposed to atmos- 
pheres rich in oxygen for 24 to 48 hours, develop a fibrinous broncho-pneumonia 
in which edema and desquamation of the alveolar epithelium play a prominent 
part. They think that “the absence of any well marked leucocytic infiltration in 
the pneumonia area and the absence of demonstrable leucoc 3 'tosis in the circulat- 
ing blood point toward a pneumonia of irritative rather than of bacterial origin.” 
However, bacteriological studies of the lungs are not reported. 
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WoUstein and Meltzer (6) in the course of some intra-bronchial insufflations 
foimd that certain salt solutions caused pneumonia. 2 per cent sodium chloride 
solution, sodium sulfate, magnesium sulfate, and magnesium chloride solutions 
produced small patches of broncho-pneumonia. Cultures showed no growth. 
Mercuric chloride, 1-10,000 dilution, caused hemorrhage, edema and tlirombi; 
no bacteria grew. In another series of experiments (7) they caused broncho- 
pneumonia by the injection of chloramine-T and Dakin’s solution. The pneu- 
monias produced by these solutions were characterized by the absence of fever 
or appearance of iUness. There is no record of bacteriological studies. Kline 
and Meltzer (8) found that aleuronat and starch caused consolidation resembling 
that caused by a virulent pneumococcus. Egg yolk and lecithin caused a lobar 
pneumonia like that caused by a virulent pnemnococcus. Cultures were sterile in 
the majority of their experiments. WoUstein and Meltzer (7) state that “tlie 
consolidations of the lung produced by chemical substances differ from infectious 
pulmonary inflammations only in their sterility.” 

On the other hand, Winternitz, Lambert, Jackson and Smith (9) find that after 
chlorine poisoning organisms “that normaUy inhabit the mouth of the dog find 
their way into the bronchi and lungs of the dog shortly after gassing and remain 
there for a long time in animals that survive the acute period.” They show “that 
the pneumococcus and a small Gram-negative hemoglobinophflic organism, normal 
inhabitants of the dog’s mouth, can be cultivated from the lung as early as one- 
half hour and as late as four days after gassing.” Similarly, Winternitz, Lambert 
and Jackson (10), in studying the bacteriology of pneumonias following gassing 
with phosgene, found that the bacteriological findings were much the same as in 
cases of pneumonia in non-gassed dogs. 

II. EXPERIMENTAL 

In view of the high incidence of pneumonia in the lungs of animals 
experimentally gassed with toxic compounds in the toxicity work, 
Medical Research Division, Edgewood Arsenal (11), ample oppor- 
tunity was offered for the study of the types of pneumonias so caused, 
and of the incidence of bacteria in these pneumonias. 

As cultures of the limgs had not been made at the time of autopsy, the lung 
sections were stained with Goodpasture-MacCallum stain in order to study the 
bacteria present. This had the advantage over cultures of giving the number of 
bacteria present, and showing their position in regard to the lung framework. 

The animals studied had been placed in the ice-box as soon as they were found 
dead, and the autopsy performed as soon as possible thereafter. In studjdng the 
sections from these animals the time elapsing between death and autopsy was con- 
sidered, but this was not found to affect the number of bacteria present when the 
autopsy was performed within a reasonable limit. 
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ni. METHODS 

The tissues were' fixed in Zenker-fonnol solution and embedded in paraffin. 
The lungs were fixed by running the fixing fluid into the trachea, and then immers- 
ing them in the fluid for 24 hours before any sections were taken, as this has been 
found necessary to preserve the delicate structure and prevent artifacts (12). 
The sections were stained with hemotoxylin and eosin to study the types of 
pneumonia, and with Goodpasture-MacCallum stain to study the bacteria present. 

IV. DISCUSSION 

The types of pneumonia and the bacteria present were studied in 
the lungs of dogs gassed with mustard gas, methyldichlorarsine, 
lewisite, phosgene, and some miscellaneous gases. 

^ The significance of the number of bacteria present was considered in 
reference to: 

A. The kind of gas inhaled. 

B. The type of pneumonic exudate. 

C. The temperature of the animal during illness. 

D. The length of time between death and autopsy. 

E. The survival after gassing. 

F. Bacteria in non-gassed lungs. 

1. In normal lungs. 

2. From pneumonia experimentally caused. 

3. From cases of pneumonia occurring spontaneouslv in dogs. 

A. Relalion of Bacteria lo the Kind of Gas Inhaled 

1. Mustard. — ^The lungs of mustard gas poisoning show the follow- 
ing lesions in the order of their frequency: hemorrhage; atelectasis; 
edema; and exudate consisting of epithelial cells, leucocytes, and 
mononuclear cells, but very Uttle fibrin. In a majority of cases 
epithelial cells and polymorphonuclear leucocytes are present in large 
numbers. In a few cases epithelial cells and mononuclears prevail. 

Of thirty-two cases studied, nine showed a few bacteria, sixteen 
showed many and seven a large number. There was no correlation 
observed between the tjqje of e.xudate and the number of bacteria. 
Table I gives a few typical cases. 

2. Methyldichlorarsine. — The pneumonia in methyldichlorarsine 
poisoning consists of an exudate in which epithelial cells and mononu- 
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clears predominate. In only a few cases are they out-numbered by 
polymorphonuclear leucoc 3 d;es. 

In the lungs of eighteen cases, twelve showed few bacteria, two 
showed many, and four large munbers. 


TABLE I 

Results Showing Number of Bacteria in a Few Typical Mustard Lungs 


General condition of lung 

Pneumonic exudate 

Bacteria 

Hemorrhage 

Atelectasis 

None 

Few 

Solid with exudate 

Leucocytes 

Very few 

Nearly normal oh recovery 
from gassing 

Organized areas and desqua- 
mating epithelial cells 

Large numbers 

V 

Hemorrhage 

Atelectasis 

Leucocytes, epithelial cells 

1 

Few 

Congestion 

Hemorrhage 

Epithelium, leucocytes 

Many 

Congestion 

Hemorrhage 

Edema 

Bronchial exudate 

Many 

Fibrin, edema 

Leucocytes, epithelial cells 

Many chains 

Necrotic areas 

Leucocytes, mononuclears 

Enormous numbers in 
necrotic areas 


No correlation was seen between the number of bacteria and the 
type of exudate, although this gas as a whole showed a small number of 
bacteria. 

Table II gives the summary of findings for methyldichlorarsine in 
a few typical cases. 

3. Lcioisite. — K leucocytic exudate prevails in lewisite lungs. In 
practically all acute deaths leucocytes are predominant with epitheh'al 
cells and mononuclears present in much smaller numbers. 

Of twenty-seven cases, seventeen showed a few bacteria, three 
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showed no bacteria, seven had many. No cases showed large numbers 
of bacteria. The lungs from this series showed fewer bacteria than 
any other. 

4. Phosgene . — ^The first lesion in phosgene poisoning, and the one 
from which death usually occurs, is edema. If survival is prolonged 


TABLE n 

Results Showing Number of Bacteria in a Ferw Typical Meihyldicldorarsine Lungs 


General condition of lungs 

Pneumonic exudate 

Bacteria 

CongesUon 

Hemorrhage 

Scattered leucocytes 
Epithelial cells 

Red blood cells 

Few 

Edema 

Hemonhage 

Red blood cells 

Leucocytes 

Few, chiefly near bronchi 

Hemorrhage 

Atelectasis 

Fibrin 

Swollen epithelial cells 

■ 

Few 

Edema 

Epithelial cells 

Mononuclears 

/ 

Very few 

Congestion 

Leucocytes 

Few epithelial cells 

Few 

Some intracellular 

Fibrin 

Necrosis 

Hemonhage 

Leucocytes 

Few epithelial cells 

Necrotic areas loaded 
with bacteria 

Edema 

N. 

Leucocytes 

Mononuclears 

Epithelial cells 

Few 

Some intracellular 


the edema fluid becomes infiltrated with leucocytes so that in the later 
deaths pneumonia is a common finding. The pneumonia is not peri- 
bronchial in character but is generalized throughout the alveoli as if 
ansing from the alveolar walls. Leucocytes, mononuclears and 
epithelial cells are present. Most phosgene lungs in which an exudate 
was present, showed many bacteria. 
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B. Relation oj Bacteria to Type of Exudate 

Desquamated epithelium is conspicuous in pneumonias due t 
irritating gases but in only a few cases does it form the entire exudati 
Usually the picture is that of broncho-pneumonia, with epithelial cell 
mononuclears and polymorphonuclear leucocytes composing th 
exudate. Frequently the leucocytes out-number the other cells. 

The pneumonia of gassed lungs resembles the broncho-pneumoni 
seen in non-gassed lungs. Sometimes it is peribronchial in type, some 
times it involves a lobule uniformly. Hemorrhage, atelectasis an< 
perivascular and peribronchial edema are typical findings in gassei 
lungs. 

A glance at Table III shows that bacteria are prevalent in aU type: 
of pneumonic exudates found in gassed lungs. 


TABLE ni 

Results Shoiving Relation of Bacteria to Type of Exudate 


Type of e.tudate 

Few bacteria 

Many bacteria 

Large,numbers 

Leucocytes predominating 

50% 



Epithelial cells predominating 

33% 

47% 


Leucocytes and epithelial cells in equal 
numbers 

54% 

i 

38% 

S% 


C. The T’emperaiure of the Animal 

As a general rule gassed dogs do not run noticeably high tempera- 
tures. This would seem to indicate an absence of bacterial infection, 
but the inference cannot be drawn, as no information is at hand as to 
what temperature dogs show when infection is known to be present. 
A dog’s temperature varies so markedly from day to day and from 
hour to hour that it does not appear to be an index of the animal’s 
condition. 

The highest temperature seen in the series studied was 106.2°F. 
The exudate in this animal was purely leucocytic, but very few bacteria 
were found. Another dog with a temperature of 106°F., showed 
necrosis of the lungs and large numbers of bacteria. In a dog showing 
a temperature of 104:.2°F., the exudate was leucocytic and many 
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bacteria were present, but on the other hand, in several cases showing 
many bacteria, the temperature was normal. 

D. The Length of Time Between Death and Autopsy 

There does not appear to be any relation between the time elapsing 
after death and the niunber of bacteria. Some of the cases showing 
the largest number of bacteria were autopsied very soon after death 
and some cases showing very few bacteria had been kept as long as 
18 hours before autopsy was performed. 

TABLE rv 


Results Showing Number of Bacteria in Lungs of Dogs Surviving Varying Lengths oj 

Time after Gassing 


Hours of survival 

No. of cases 

Lungs 

Bacteria 

Less than 12 


^ No exudate 

Few 

12 


[ Leucocytes present 

Few 

12-24 


Leucocytes and epithe- 
lium 

Few 4, many 1, some 1 

24-36 


Leucocytes 

Few 3, none 2 

36-48 


Leucocytes 

Few 3, many 1 

48-72 

14 

Leucocytes 

Few 6, many 8 

72-96 

H 

Leucocytes, 2 necrosis | 

Few 2, many intracellu- 
lar 3 

120 


Leucocytes, 1 necrosis 

Many 4, intracellular 

140 


Leucocytes, 2 necrosis 

1 Few, 4 many 

9 days 


Necrosis 

Many, intracellular 

22 days 


Leucocytes 

Very many 

9 weeks 

mM 

Chronic exudate 

None 


The temperature at which the body was kept after death un- 
doubtedly had more effect on the number of bacteria in the lungs, 
than did the length of time between death and autopsy. 

No record of temperature is available but in view of the well pre- 
served state of the cells it may be assumed that post-mortem degenera- 
tion was slight. 

E. The Suroival after Gassing 

If the bacteria found in the lungs are present in a causal relationship, 
it would be e.xpected that the early deaths from pneumonia would 
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show as many bacteria as the later deaths, or at least that bacteria 
would be present in considerable numbers in the early deaths. If the 
presence of the bacteria ^s merely casual, and due to the injured 
lungs offering a favorable field for growth, the number might be 
expected to be smaller in the early deaths and to show an increase as 
the time of survival is longer. 

The cases were grouped and studied therefore with regard to the 
number of hours of survival (Table IV). 

Animals dying in less than 12 hours showed no exudate in the 
alveoli but a bronchial exudate was frequently present. At 12 hours 
there was one case of well-developed pneumonia, and above 12 hours 
most cases showed pneumonia. Areas of necrosis were not observed 


TABLE V 

Summary of Table IV 


Hours of survival 

No. of cases 

Bacteria 

Less than 48 hours 

21 

None 2, few 16, many 3 

48-72 hours 

14 

Few 6, many 8 

72 hours-9 weeks 

17 

Few 3, many 14, many intra- 
cellular 


in deaths below 72 hours. Above that they were frequent. Above 
72 hours many of the bacteria were observed to be engulfed by the 
leucocytes. Below 72 hours very few intracellular bacteria were 
seen. 

Tables IV and V show that there were more bacteria in the lungs of 
animals surviving 48 hours or longer, than in those of animals dying at 
shorter periods of time after gassing. 

F. Bacteria in Non-Gassed Lmigs 

1. In Normal Awwgj,— Cultures made from the trachea and bronchi 
of normal dogs showed plentiful growth. From the lung tissues in 
most cases there was no growth. Sections of normal lungs stained for 
bacteria showed a few bacteria on the bronchial mucosa but none in 
the alveolar structure. 

2. In Cases of Experimentally Produced Pneumonia. —Frxauraonxa. 
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was induced in animals by the inhalation or injection of irritating 
substances, in order to compare the condition caused with that of 
gassed lungs. Table VI shows the results. Pneumonia was produced 
by the inhalation of nitric oxide fumes, by the intratracheal injection 


TABLE vn 

Results Showing Relation of Bacteria to Exudate in Dogs Dying ivith Spontaneously 

Developed Pneumonia 


Animal 

Death 

Condition of lungs 


Bacteria 



Cultures 

Stain 

Dog 6 

KiUed, 

Consolidation of lungs. Enor- 

Colonies 

Rods and staphy- 


MgSOi 

mous hypertroph}' of broncliial 
mucosa. Bronchial exudate, 
glands dilated. Alveolar 

walls thick 

from 
all Jobes 

lococci 

Dog 7 

Died 

Consolidation of lungs. Edema. 
Exudate of epithelial cells, 
mononuclears, few leucocytes 


Staphylococci, few 
diplococci 

Dog 9 

Died 

Consolidation of lungs. Exu- 
date of leucocytes 

1 

Large numbers of 
bacteria, intra- 
cellular 

Dog 10 

Died 

Consolidation all lobes. Exu- 
date of leucocytes and mon- 
onuclears 


Many bacteria, 

most of them 
intracellular 

Dog 11 

Died 

Consolidation all lobes. Exu- 
date of leucocytes, mononu- 
clears and epithelial cells 


Many bacteria, 

intracellular 

Dog 12 

Died 

Consolidation all lobes. Exu- 
date of leucocytes and epithe- 
lial cells 


Some bacteria, 

mainly intra- 

cellular 

Dog 13 

Died 

Consolidation all lobes. Edema. 
Exudate of leucocytes, mono- 
nuclears and epithelial cells 


Many bacteria, 

intracellular 


of copper sulfate solution, and by the intravenous injection of ethyl- 
bromacetate. None of these pneumonias were sterile. 

3. Pneumonia Occurring Spontaneously in Dogs. — K number of dogs 
ng in tlie kennels were autopsied and found to have consolidation 
the lungs. These animals had not been gassed at any time. A few 
were killed with an injection into the heart of concentrated magnesium 
sulfate solution, when seen to be in bad condition. 
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The findings in this series are given in Table VII. 

In a number of these animals the pneumonic exudate consisted 
largely of desquamated epithelial cells— the “desquamative pneu- 
monia” of Buhl (13), Fraenkel (14) and Galdi (15), or the “chemical 
pneumonia” of other authors. That the anatomical picture, which 
Wood (2) claims is often produced by chemical agents without the 
aid of bacteria, can be produced by bacteria, alone, is here clearly 
demonstrated. Furthermore, Galdi (15) has described similar pneu- 
monias in which the infection occurred by the hematogenous route 
as a sequel to ulcerative endocarditis. 

V. CONCLUSIONS 

The question of a causal relation of the bacteria in gassed lungs to 
the pneumonia present cannot be regarded as decided. It may be said 
that: 

1. The appearance of gassed lungs with pnemnonia is very similar 
to the pneumonia of known bacterial origin. 

2. In a few cases the t3q>e of pneumonia foimd coincides with the 
reported cases of so-called “chemical pnemnonia,” which is character- 
ized by a preponderance of epithelial cells in the exudate. 

3. Gassed lungs are not sterile but show highly varying numbers of 
bacteria. 

4. The bacteria are not intracellular and are not present in large 
numbers in the majority of cases. 

The arguments for and against a causal relationship between the 
bacteria and the pneumonia may be summed up as follows: 

1. Against a Causal Relationship 

a. The early appearance of pnemnonia after gassing. 

5. The occurrence of pneumonia with very smaU numbers of 
bacteria present. 

c. The fact that very few bacteria are engtdfed by leucocytes in 
gassed lungs, whereas large numbers are present in the non-gassed 
pneumonias and are conspicuously intracellular. 
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2. In Favor of a Causal Relationship 

a. The presence of bacteria in any numbers. 
h. The picture of broncho-pneumonia presented is similar to broncho- 
pneumonia of known bacterial origin. 

Pneumonias characterized by large numbers of epithelial cells 
in the exudate (so-called “chemical pneumonia") occur in animals 
that were never gassed or subjected to other irritating substances in 
any way. 
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EXPLANATION OF PLATES 

Plate 4 
/ 

Fig. 1. Desquamative pneumonia from lung of dog gassed -svith phosgene. 
Symptoms disappeared in 2 days. Killed 1 week later. 

Fig. 2. Patch of desquamative pneumonia in a dog that recovered from mustard 
gassing and was killed 9 months after recovery. 

, Plate 5 

Fig. 3. Desquamative pneumonia in a dog that was never gassed or exposed to 
irritating substances of any kind. Killed because it was thought he had 
worms. Positive culture and bacterial stain from lungs. 

Fig. 4. Nitric oidde pneumonia — 2 days — ^leucocytic type. 
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STUDIES ON SOUTB AIMERICAN YELLOW FEVER 


in. Transmission of the Virus to Brazilian Monkeys 
Preliminary Observations 

Bv IvELSON C. DAWS, M.D., axd RAYMOND C. SHANNON 

{From the Inlcrnalionaincallk Division of the Rockefeller Foundation, New York, and 
the Yellow Fever Laboratory, Bahia, Brazil) 

(Received for publication, April 23, 1929) 

It is our intention to state briefly some of the results obtained in 
attempts to transmit yellow fever virus to the species of Brazilian 
monkey popularly known as “prego.” This species was used by 
Noguchi, identified as Cebus macrocephalus, and found by him to be 
susceptible to Leptospira infections; the lesions produced closely 
simulated those of human yellow fever. 

The temperature of all animals inoculated with the virus was taken 
morning and evening, and in a few instances it rose above 104°F. 
In several instances the fever appeared early and continued for vary- 
ing intervals, usually with a tendency to intermissions. It is not 
improbable that the prolonged fevers may have been due to some 
other condition than to the inoculation with the virus. 

Some animals reacted mildly although the material inoculated was 
highly virulent for Macacus rhesus. Monkeys 6, 9, 12 and 24 fall in 
this category. In instances in which the inoculum was injected into 
two animals the effects might vary considerably (Nos. 1 and 2, and 
19 and 20). 

The virus has been passed from rhestis monkeys to Cebtis and back to 
rhesus by the inoculation of blood and tissues. 

On Nov. 16, 1928, rhesus No. 161 was given 5 cc. of blood from Cebiis No. 3 
(taken on second day following inoculation); on Nov. 18, 5 cc. of blood from 
Cebus No. 4 (24 hours after mosquito feeding) was inoculated into the same rhesus 
and on the 19th a further transfer of 7 cc. blood-liver mixture was made from 
Cebus No. 4. On Nov. 20 the temperature of No. 161 rose to 105.2’F. and on the 
21st it reached 105.9°. The animal was then sacrificed. Liver emulsion from 
No. 161 was inoctilated into rhesus No. 170; the latter died and showed typical 
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Schematic Representation of Transfers Mentioned in the Text 
B. B. Strain Virus 


M. rhesus Nos. 
51, 152, 155 

\ I / 

(blood transfer) 


M. rhesus No. 98 

i 

Aedcs aegypti 
Batch 34 
\ 


M. rhesus No. 107 


Acdes aegypti 
Batch 35 


Ccbus No. 3 


\ 

(blood 

transfer) 

\ 

\ 


Ccbus No. 4 




(blood and liver 
/ transfer) 


M. rhesus No. 161 

(Temperature reached 105.9°. Sacrificed) 

i 

(liver emulsion transfer) 

i 

if. rhesus No. 170 
(Died with typical^'cllow fever) 


Asibi Strain Virus 

M. rhesus No. 185 
(Fatal infection) 

i 

(blood transfer) 

i 

Ccbus No. 11 

( 

(blood transfer) 

i 

M. rhesus No. 200 
(Died with yellow fever) 
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F. JV. Strain Virus 

M. rhesus No. 167 
(Moderately severe infection) 


(blood transfer) 

i 

Cebus No. 7 

\ 

(blood transfer) 


Aedes aegypti Cebus No. 10 
Batch 77 I 

Aedes aegypti 
Batch 78 

/ 

M. rhesus No. 220 
(Died with typical yellow fever) 


Asibi Strain Virus 

M. rhesus No. 201 
(Fatal infection) 

I 

Aedes aegypti 
Batch 87 

i 

Cebus No. 23 

I 

(blood transfer) 

I 

3f. rhesus No. 237 
(Died with typical yellow fever) 
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gross and microscopic lesions of yellow fever. On Dec. 10, 1928, rhesus No. 200 
was injected with blood from Cebus No. 11 (taken on the second day after inocula- 
tion); again on Dec. 12 No. 200 received blood from the same Cebus (taken on the 
fifth day) . No definite fever was detected but on Dec. 14 the temperature fell 
to 96.4° and the monkey died during the night. ITie gross picture was t}T)ical of 
yellow fever; microscopically, both liver and kidney showed pronounced necrosis. 

The virus has been passed to Cebus monkeys by blood inoculation 
and back to rhesus by mosquitoes {Aedes aegypti). 

On Dec. 4 Cebus No. 7 was inoculated with blood from rhesus No. 167, F. W. 
strain. On the 6th mosquito Batch 77 was allowed to feed and blood was trans- 
ferred to Cebus No. 10. Mosquito Batch 78 was allowed to feed on the latter 
animal twice (Dec. 7 and 8). On Jan. 2 Batches 77 and 78 fed on normal rhesus 
No. 220. On Jan. 5 this animal registered a temperature of 10S.2°F.; fever lasted 
3 days and the monkey was found dead Jan. 9. The autops}’’ lesions were tjqjical 
of yellow fever. Mosquito Batch 84, fed on Cebus No. 12 (B.B. strain), led to a 
febrile reaction in rhesus No. 222, but the animal survived. 

The virus has been passed to Cebus monkeys by mosquitoes and 
back to rhesus by blood inoculation. 

On Jan. 8, 1929, mosquito Batch 87 (infected from rhesus No. 201, Asibi strain) 
was allowed to feed on Cebus No. 23, On Jan. 10 this animal had a temperature 
of 104.2°F., and 1 cc. of blood was transferred to rhesus No. 237 by intraperitoneal 
inoculation. On Jan. 14 No. 237 showed a temperature of 105.6°; on the morning 
of the 16th the temperature was 96.0°F. and the animal died during the forenoon. 
Autopsy lesions were typical of yellow fever. 

None of the Cebus of this series which died or were killed showed 
definite lesions of yellow fever, either in the gross or microscopically. 
The work is being continued with the species. 

SUMMARY 

Yellow fever virus from M. rhesus has been inoculated into a South 
American monkey {Cebus macrocephalus) by blood injection and by 
bites of infected mosquitoes. The Cebus does not develop the clinical 
or pathological signs of yellow fever. Nevertheless, the virus persists 
in the Cebus for a time as shown by the typical symptoms and lesions 
which develop when the susceptible M. rhesus is inoculated from a 
Cebus by direct transfer of blood or by mosquito {A. aegypti) 
transmission. 
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IMMUNOLOGICAL STUDIES IN RELATION TO THE 
SUPRARENAL GLAND 


IV. The Eetecx of Repeated Injections of Epinephrine on the 
Hemolysin Formation in Supearenalectomized Rats 

By DAVID PERLA, M.D., and J. MARMORSTON-GOTTESMAN, M.D. 

{From the Division of Laboratoriis, Montefiore Hospital, New York) 
(Received for publication, May 4, 1929) 

In previous studies (1)* it was found that epinephrine subcuta- 
neously injected into normal rats in amounts of 0.2 mg. per kilo twice 
daily during 3 days prior and 4 days subsequent to the injection of 
1 cc. of a 10 per cent suspension of sheep cells depressed the antibody 
forming capacity of normal rats to a marked degree. The average 
titer was 1/SSO, In an effort to determine whether the depression 
of the antibody forming capacity of suprarenalectomized rats (2) 
is due to a lack of epinephrine the following experiments have been 
undertaken. 

The experiments were divided into two groups. The first group included 30 
rats. Of these, 18 were suprarenalectomized, 9 were normal and 3 were rats in 
which the perisuprarenal fat was tom around both glands. Twelve supra- 
renalectomized rats were injected subcutaneously with epinephrine in amounts of 
0.2 mg. per kilo twice daily from the day of operation during 3 days prior and 
4 days subsequent to the injection of 1 cc. of a 10 per cent suspension of sheep 
cells. Three suprarenalectomized rats received no injections, three suprarenal- 
ectomized rats received O.S cc. of a 0.9 per cent salt solution twice dail)'. Of the 
normal controls, three normal rats received no fluid injections, three received the 
same amounts of epinephrine as the suprarenalectomized group, three normal rats 
received physiological salt solution. Three rats in which the perisuprarenal fat 
was traumatized also received injections of physiological salt solution in the same 
amounts as the above groups. 

In all the experiments recorded, Mulford’s “Adrin” (1 /lOOO) was used. In the 
first group of experiments dilutions were made with a 0.9 per cent salt solution 


* The literature on the efi'ect of epinephrine on antibody formation in normal 
cats has been reviewed in a prerious communication (2). 
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TABLE I 


Hemolysin Formation After Epincphrinc-salt Solution Injections in 
Suprarcnaleclomizcd Rats 


Rat No. 

Sth day 

8th day 

Uthday ■ 

Weight 
at opera. 

Weight at last 
titer 






gtn. 

370 


1000 

400 

195 

187 

371 


2000 


180 

180 

372 




190 

180 

373 

2000 


400 

180 

170 

374 

600 



220 

192 

375 

6000 



200 

197 

431 

600 



190 

180 

432 

1000 



190 

190 

433 

2000 



197 

155 

434 

3000 


200 

175 

175 

435 

80 

■SS 

' 300 

225 

ISO 

436 

1000 

■IS 

600 

250 

220 

Av. titer — 

2323 

862 

380 




Snprarcnalcclomhcd Controls 


455 

■M 

40 

100 

160 

145 

450 




235 


453 

1000 

4000 


175 

1 145 

1 


Suprarcnalcctoinizcd Saline Controls 


438 


100 



— 1 

439 


1000 




440 


1000 



1 120 


Normal Controls 


427 

42S 

501 

o o o 
o o o 

m 

200 

275 

280 

140 

285 

292 

145 

Normals + Adrin 

446 

800 


100 

mm 

155 

447 1 

80 1 


60 



448 1 

80 


1 

HIBH 


Normals + Saline* 

462 



mSM 

■9 

1 220 

463 



SS 

SS 

! 215 

Traumatized + Saline 

441 

3000 

1000 

400 

180 

175 

442 

3000 

1000 

300 

155 

160 

443 

16000 

1000 

400 

185 

175 


* Physiological salt solution injected in amounts of 0.5 cc. subcutaneously twice 
daily during 3 days prior and 4 days subsequent to inj'ection of sheep cells. 
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and all injections •were administered subcutaneously. The amounts used for each 
rat were brought up to a total voliune of 1 cc. with freshly boiled physiological salt 
solution and 0.5 cc. was injected twice daily. In. all instances a 24 hour period was 
allowed to intervene before and after the injection of sheep cells, during which 
time no epinephrine was administered. The method of titration has been de- 
scribed in a previous communication (2) . 

TABLE n 


Hemolysin Formation After Epinephrine-glucose Injections in 
Suprarenalectomhed Rats 


Rat No. 

TiUis 

Weight 
at opera. 

Weight at last 
titer 

5th day 

8th day 

lllh day 






gm. 

833 

1600 


80 

194 

178 

834 

1600 


100 

154 

154 

835 

3000 

1000 

600 

166 


836 

3000 

300 

160 

194 

195 

837 

3000 

600 

60 

230 

197 

838 

4000 

700 

160 

208 

183 

839 

400 

400 

300 

200 

181 

840 

1600 

— 

— 

203 

190 

00 

3000 

600 

200 

185 

172 

Av. titer. . . . 

2355 

501 
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The results of these experiments are tabulated in Table I. It is 
seen that injections of epinephrine diluted vrith salt solution are 
followed by a definite rise in antibody formation in suprarenalecto- 
mized rats. The average hemolysin titer of the rats in this group was 
1/2383 whereas that of the suprarenalectomized rats not treated with 
epinephrine was 1/858. About 50 per cent of the rats injected with 
epinephrine juelded titers above 1/2000. 




























Fig. 1 Fig. 2 

Fig. 1. The average hemolysin titers of normal and suprarenalectomized rats 
repeatedly injected with epinephrine diluted with physiological salt solution and 
with isotonic glucose solution. 

Fig. 2. The curves of the average hemolysin titers of normal and suprarenalec- 
tomized rats repeatedly injected with epinephrine diluted with physiological salt 
solution and with isotonic glucose solution. 

• Normal rats. 

Normal rats injected with epinephrine. 

Suprarenalectomized rats injected with epinephrine diluted with salt 

solution. 

Suprarenalectomized rats injected with epinephrine diluted with glu- 
cose solution. 

Suprarenalectomized rats uninjected. 
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It was observed, however, that the suprarenalectomized rats in- 
jected with 0.5 cc. of a 0.9 per cent salt solution also showed a marked 
rise in antibody formation. 

In an effort to eliminate any possible effect of the physiological salt 
solution used in dUuting the epinephrine a second group of experi- 
ments was done in which the epinephrine was diluted with isotonic 
glucose solution (see Table II). Ten suprarenalectomized rats were 
injected with 0.2 mg. per kilo of epinephrine (diluted with glucose 
solution) twice daily during 3 days prior and 4 days subsequent to the 
injection of the antigen. Three suprarenalectomized rats received no 
injection and three normal rats received no injection. The average 
titer of the glucose-epinephrine injected rats was 1 /2355 or about the 
same as that of the first group of experiments. This titer is three 
times as great as that of the untreated suprarenalectomized rats, but 
still considerably lower than the average titer in normal rats. 

DISCUSSION 

It may be concluded from these experiments that the injection of 
epinephrine raises the hemolysin titer in suprarenalectomized rats 
and that the effect is not entirely dependent on the salt solution with 
which the epinephrine is diluted. The effect of epinephrine diluted 
with salt solution is not a summation of both epinephrine and salt 
solution. We do not believe that the loss in epinephrine resulting 
from suprarenalectomy is alone responsible for the resulting depres- 
sion in antibody formation. There is some evidence however from 
these experiments that it plays a part in the antibody forming 
mechanism. 

There is a striking difference in the effect of epinephrine injections 
on the hemolysin formation of normal and of suprarenalectomized 
rats. In normal rats, the hemolysin titer was markedly depressed, 
in suprarenalectomized rats it was raised above the level of rmtreated 
suprarenalectomized rats. An excess of epinephrine supplied to rats 
possessing their physiological store of epinephrine depresses the 
mechanism of antibody formation. Rats, however, deprived of a 
physiological source of epinephrine and injected with the same amounts 
as in the previous group are stimulated to increased antibody 
formation. 
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CONCLUSIONS 

Epinephrine diluted with physiological salt solution or with isotonic 
glucose solutions and injected in amounts of 0.2 mg. per kilo twice 
daily into suprarenalectomized rats raises their antibody forming 
capacity. This result is not entirely dependent on the effect of the 
diluting fluid. 
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IMMUNOLOGICAL STUDIES IN RELATION TO THE 
SUPRARENAL GLAND 


V. The Eefect oe Repeated Injections of Solutions Containing 
Sodium; Salts and Glucose on the Hemolysin Foemation 
of Normal and Supearenalectoi&zed Rats 

By J. MARMORSTON-GOTTESMAN, M.D., and DAVID PERLA, M.D. 

{From the Division of Laboratories, Montefiore Hospital, New York) 
(Received for publication, May 4, 1929) 

In previous studies (1) on hemolysin formation in normal adult 
albino rats, it was found that 20 normal rats yielded an average titer of 
1/7000, while in 23 additional normal rats the average titer was 1/4323. 
The average titer of the 43 rats collected in both series was 1/5656, 
somewhat lower than had previously been estimated with half the 
number of animals. Seventy per cent of these rats gave titers above 
1/2000. An occasional very low reading was noted. From an analy- 
sis of the factors responsible for this variation it was observed that the 
females yielded somewhat higher hemolysin titers than the males 
(females 1/6850, males 1/4620). Older rats gave a higher antibody 
titer than young adult rats. Rats of greater weight but of the same 
age and sex yielded higher titers. 

A1 the rats used in these experiments were bred in the laboratory 
under the same environmental conditions and were fed on a constant 
adequate diet. The variations observed in these animals in spite of 
these constant factors emphasize the necessity of maintaining the fac- 
tors of age and weight constant and of utilizing large numbers of ani- 
mals in studies on antibody formation. In our later studies only rats 
about 3 months of age were used and the results were more vmiform. 

It was found in previous experiments (2) that suprarenalectomy is 
followed by a depression in antibody forming capacity most marked 
during the first week following the operation. Further studies on 
hemolysin formation in this early period confirmed this observation. 
Of a series of 23 suprarenalectomized rats injected on the third day 
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following the operation with 1 cc. of a 10 per cent suspension of sheep 
cells and tested 5 days later, the average hemolysin titer was 1/858 as 
compared with 1/5650 of the normal rats. About 70 per cent of 
suprarenalectomized rats gave titers below 1/2000. Two rats gave 
high titers corresponding to normal figures. This may be explained 
by the well known fact that a certain small percentage of supra- 
renalectomized rats react as normal rats, due to large amounts of 
accessory cortical tissue (3). Of the suprarenalectomized rats, as of 
the normal rats, the females gave slightly higher titers than the males. 

In the course of experiments on the effect of injections of epi- 
nephrine on the hemolysin formation in suprarenalectomized rats (4) 
it was noted that repeated injections of epinephrine in amounts of 0.2 
mg. per kilo raised the hemolysin titer. Small amounts of physiologi- 
cal salt solution raised the titer to about the same level as the epi- 
nephrine injected group. This observation suggested the experiments 
reported in this communication. Studies on hemolysin formation 
were made in suprarenalectomized rats injected repeatedly with large 
quantities of a 0.9 per cent salt solution, isotonic sodium acetate, 
isotonic glucose solution and hypertonic salt solution in order to de- 
termine the effect of these substances on antibody production. 

M ctliods 

The method of operation, the post-operative care of the animals and the e.xact 
procedure of obtaining the blood and titrating the serum has been described in 
detail in previous communications (5) (2). 

In all the experiments reported in this paper, 1 cc. of a 10 per cent suspension of 
sheep cells was injected intraperitoneally and titers were studied on the Sth, 8th 
and 11th day following the injection. When suprarenalectomized rats were 
studied the antigen was injected 48 to 72 hours after operation and the first titer 
was read on the 7th or Sth day after suprarenalectomy. 

The Effect of Injections of Physiological Salt Solution on Hemolysin 
Formation in Normal and Suprarenalectomized Rats 

Four groups of rats were tested. One group of 26 normal rats re- 
ceived two daily injections of 0.5 cc. of physiological salt solution 
during 3 days prior and 4 days subsequent to the injection of anti- 
gen. The average titer in these rats was 1/5516 or about the same 
as untreated normal rats. A second group of six normal rats 
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received 5 cc. of physiological salt solution intraperitoneally, once 
daily during 3 days prior and 4 days subsequent to the injection of 
sheep cells. The average titer was 1/4133, slightly lower than the 
titer of normal control rats.* 

A third group of thirteen suprarenalectomized rats received 0.5 
cc. of physiological salt solution subcutaneously twice daily. The 
average titer in this group was 1/2630 as compared with 1/858 of the 
untreated suprarenalectomized rats. 

A fourth group of ten suprarenalectomized rats received 5 cc. of 
physiological salt solution intraperitoneally once daily from the day 
of operation to the day of the last reading. The average titer in this 
group was 1/3580, strikingly higher than the titer of untreated supra- 
renalectomized rats. The general condition of suprarenalectomized 
rats that had received salt solution injections was excellent. They 
ate well, exercised vigorously, kept their fur white and sleek and ap- 
peared stronger than the uninjected rats. These results indicate a 
marked beneficial effect from repeated injections of 0.9 per cent salt 
solution on the general well being and antibody forming capacity of 
suprarenalectomized rats. 

Effect of Injections of Isotonic Sodium Acetate Solution on the Hemolysin 
Formation of Suprarenalectomized Rats 

In an effort to determine the factors responsible for the rise in 
hemolysin titer in suprarenalectomized rats injected with physiological 
salt solution, other solutions were used. Isotonic sodium acetate 
solution was injected into ten suprarenalectomized rats in the same 
quantities by volume and over the same period of time as those in- 
jected with physiological salt solution. The average titer was 1/4260 
or about five times as high as the imtreated suprarenalectomized rats 
(1/858). It is apparent therefore that the chlorine ion is not essential 

* Belak and Csereszynes (6) found some stimulating effect of physiological salt 
solution on the agglutinin formation following the injection of paratyphoid B 
bacilli in normal rabbits. They injected 0.5 cc. of the solution dmly for 14 days 
after the injection of the antigen. Ringer’s solution and isotonic calcium chloride 
had the same effect. They do not believe the sodium ion was responsible for the 
rise. Their data were collected on four rabbits. We were unable to demonstrate 
analogous findings in the case of hemolysin formation in normal rats. 
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in raising the antibody titer in suprarenalectomized rats. Normal 
control rats injected with isotonic sodium acetate solution in amounts 
of 5 cc. per day during 3 days prior and 4 days subsequent to the 
injection of sheep cells yielded titers slightly lower than untreated 
normal rats. 

Effect of Repeated Injections of Isotonic Glucose Solution on the 
Hemolysin Titer of Suprarenalectomized Rats 

To determine whether the effect of salt solution on the antibody 
formation in these rats was due to its diuretic effect, 5 cc. of isotonic 
glucose solution was injected once daily intraperitoneally into eight 
suprarenalectomized rats during the entire period from the day of 
operation to the day of the last reading of the hemolysin titer. The 
average titer of this group was 1/887, or about the same as that of un- 
treated suprarenalectomized rats. In spite of its diuretic action, 
isotonic glucose did not raise the antibody formation of suprarenal- 
ectomized rats. In a group of normal control rats which were in- 
jected with isotonic glucose solution there was almost no change in 
the hemolysin titers from that of uninjected normal rats. The 
average titer in this group was 1/4500. 

The Effect of Concentrated Solution of Sodium Chloride on the Hemolysin. 

Formation of Suprarenalectomized Rats 

An effort was made to determine whether sodium chloride alone 
had the same effect as large volumes of isotonic salt solution. 0.5 cc. 
of a 10 per cent solution of sodium chloride was injected into eight 
suprarenalectomized rats once daily from the day of operation during 
3 days prior and 4 days subsequent to the injection of sheep cells. The 
hypertonic solution was extremely irritating. It was observed that 
the concentrated salt solution had only a slight effect in raising the 
antibody formation in suprarenalectomized rats. The average titer 
in this group was 1/1660. 

DISCUSSION 

It is apparent from these data that injections of isotonic solutions 
of sodium salts raise the titer of suprarenalectomized rats. This rise 
in hemolysin titer is not due entirely to the diuretic effect of the large 
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volume of salt solution injected, since the same volume of glucose 
solution, an excellent diuretic, has no such effect. It was found that 
sodium chloride administered in a small volume of fluid but in the 
same amount by weight as in the isotonic solutions has only a slight 
effect in raising the titer in suprarenalectomized rats. It would seem 
from these observations that both the fluid and the sodium ion are 
necessary to bring about a restoration of the antibody forming capac- 
ity of suprarenalectomized rats to normal. 

Our results are in accord ■with the findings of Marine and Baumann (7). They 
foimd that the administration of Ringer’s solution and isotonic solutions of sodium 
chloride and sodium acetate increased the duration of life of suprarenalectomized 
cats about three times. More concentrated solutions of sodium chloride definitely 
shorten life. Isotonic solutions of glucose and glycerol had only a very slight 
life-prolonging efiect. They concluded from their studies that diuresis is one of 
the important factors in determining the duration of life. When the loss of water 
by diuresis is compensated for by an additional intake, life is prolonged and if not, 
life is shortened. There is some indication, they befieve, that the loss of so(flum 
is more specific than can be accounted for as a result of a possible acidosis. 

It is well known that the sodium ion plays an important r6Ie in the 
water exchange in the tissues. Suprarenalectomy results in a pro- 
found disturbance of the water balance in the body. Following the 
removal of the glands, there is a loss of fluid through the intestines, 
a diminution of sodium concentration in the blood (Baumarm and 
Kurland (8)) and an impairment of kidney function. These factors 
result in tissue dehydration and a disturbance of the normal cellular 
physiological actmty. Those tissue elements concerned with anti- 
body production are less able to respond to the stimulation of foreign 
substances with the production of immime bodies in suprarenal- 
ectomized rats than in normal rats. There may, however, be no 
actual loss of immune body production but a diminished release of 
these antibodies into the blood stream. The restoration of the water 
balance by the promotion of diuresis with a simultaneous, increased 
intake of fluid in a form that can be retained in the tissues helps to 
restore the mechanism of antibody production to the normal. The 
role of the suprarenal gland in antibody formation appears to be in- 
timately connected with the maintenance of water balance. 

The relation of a disturbance in the water balance of the tissues to 
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antibody formation has hitherto not been noted by previous investi- 
gators to the authors’ knowledge. This observation is of importance 
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Fig. 1. The effect of solutions containing sodium salt and glucose on the hemoly- 
sin formation of normal and suprarenalectomized rats. The columns represent 
the average hemolysin titer for each group. 


in the interpretation of certain phenomena in acute infections. It is 
a matter of empiricism that “forcmg fluids” is beneficial in the treat- 
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ment of severe infections and in extensive skin burns. It is known 



Fig. 2. The curves of the average hemolysin titers of normal and suprarenal- 
ectomized rats repeatedly injected with solutions containing sodium salts and 
glucose. 

Normal rats. 

Suprarenalectomized rats untreated. 

Suprarenalectomized rats treated with ph 3 ^siological salt solution. 

Suprarenalectomized rats treated with isotonic sodium acetate solution. 

Suprarenalectomized rats treated with isotonic glucose solution. 

Suprarenalectomized rats treated with 10 per cent sodium chlonde 

solution. 
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glands are severely injured. This injury in turn may result in a dis- 
turbance oi the tissue water balance and in the antibody forming 
capacity of the body. This disturbance may be corrected to some 
extent by parenteral and oral administration of large quantities of 
physiological salt solution. 

In their recent studies on experimentally produced peritonitis in 
dogs, Orr and Haden (9) injected 1 per cent solutions of sodium 
chloride and found that the animals lived three times as long as those 
not given the salt solution. This may be due to the effect of the salt 
solution on the mechanism of water metabolism disturbed as a result 
of the suprarenal injury which accompanies a general peritonitis. 

SUMMARY 

Table I and Figs. 1 and 2 summarize the experiments done on ISO 
rats. Suprarenalectomy in rats is followed by a striking depression 
in antibody formation most marked during the first week following 
the operation. Repeated injections of large amounts of isotonic 
sodium chloride or sodium acetate solutions restore the antibody titer 
to normal. The effect of these solutions is not due to diuresis alone, 
since isotonic glucose solution does not affect the titer, nor to the 
sodium alone, since hypertonic solutions of sodium chloride in' small 
volmne have little influence on the titer. Both the sodium ion and the 
water volume are necessary in the restoration of the titer. 

CONCLUSION 

(1) Suprarenalectomy is followed by a disturbance in the antibody 
forming mechanism of the body. (2) The suprarenal gland plays a 
r61e in the water metabolism of the tissues. (3) Restoration of the 
water exchange in the tissues to a normal level is sufi&cient to raise 
the antibody forming capacity to normal. 

We are indebted to Dr. David Marine for his helpful suggestions 
in the course of this work. 
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THE PRODUCTION AND TITRATION OF POTENT HORSE 
ANTIPNEUMOTOXIN 


By JULIA T. PARKER and MARY Van S. McCOY 

{From the Department oj Pathology, College of Physicians and Surgeons, Cohmhia 

University, New York) 

(Received for publication, April 22, 1929) 

In a previous communication* it was shown that certain anaer- 
obically produced autolysates of pneumococci contain a poison which 
produces marked lung lesions when injected intratracheaUy into 
small guinea pigs. In a later paper, ^ this poison was shown to be 
neutralized by the serum of rabbits immunized thereto. These 
rabbit serums were of relatively low potency, containing approximately 
50 neutralizing units per cubic centimeter (0.1 cc. of serum neutralized 
5 lethal doses of the autolysate). In the present paper, we wish to 
report on the production of high titre anti-autolysate serums in the 
horse’ and give in detail the method used for their titration. 

For the sake of clearness, in this and subsequent papers, the lung- 
toxic poison will be called “pnetimotoxin” and the neutralizing serums 
for this poison, “antipneumotoxin.” We have as yet no absolute 
proof that the lung-toxic poison is antitoxinogenic, but apparently 
it is, as it fidfils most of the accepted characteristics of this class of 
poisons. 

EXPERIMENTAL 

For the last 8 months, two horses, — Nos. 725 and 726, — have been 
undergoing treatment with increasing doses of sterile filtrates of the 
pneumotoxin from Types I, II and HI. The first injections of these 
filtrates were in doses of 0,5 cc. to 1 cc. and produced a marked rise in 
temperature. For the last 3 months, each of these horses has been 

* Parker, J. T., and Pappenheimer, A. M., J. Exp. Med., 1928, 48, 695. 

= Parker, J. T., J. Exp. Med., 1929,49, 695. 

’These horses were immunized to the autolysate filtrates at the Eli Lilly 
Company in Indianapolis, under the supervision of hlr. W. A. Jamieson. 
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PRODUCTION OF POTENT HORSE ANTIPNEUMOTOXIN 


receiving 400 cc. of the toxic autolysates every 3 or 4 days, without 
obvious reactions of any kind. Horse 787 has been receiving increas- 
ing doses of the pneumotoxin from pneumococcus Type I alone. 
Horse 382 had been receiving a variety of pneumococcus products, 
consisting of vaccines, broth cultures of the live pneumococcus, etc., 
since December 1925, but in November 1928, it was started on the 
pneumotoxin from Types I, II and III. Horse 685 had been on 
treatment with pneumococcus vaccine alone since December 1927, 
but in January 1929 these were discontinued and it was started on 
inoculations of pneumotoxin from pneumococcus Types I, II and HI. 

Method of Titration of the Serums for Neutralizing Antibodies to the 

Lung-toxic Poison 

The tests for the presence of neutralizing antibodies were carried 
out as follows : — Dilutions of the serums in broth were first prepared. 
0.1 cc. of the various serum dilutions, or broth instead of the serum 
dilutions, were pipetted into separate precipitin tubes which were 
kept in ice water. To each tube 0.9 cc. of chilled pneumotoxin was 
added and the contents immediately mixed. Heavy vaseline seals 
were then added to all the tubes, care being taken to avoid the 
formation of bubbles between the surface of the mixture and the 
vaseline. The tubes were then left at room temperature in the dark 
for 2 hours. After this, they were again placed in ice water, the 
vaseline seals removed and the contents of each tube pipetted into a 
chilled Wassermann tube. One or two guinea pigs were then injected 
intratracheally with 0.2 cc. of each preparation. To avoid the danger 
of oxidation by exposure to air, the vaseline seals were not removed 
until immediately before the inoculation of the guinea pigs. Guinea 
pigs weighing from 190 to 210 gm. were used in all the experiments. 

Pneumotoxin from Types I, II or III were employed, autolysates 
from one type only being used in each experiment. These toxins 
were of such strength, that 0.2 cc. of mixtures of 0.9 cc. of toxin and 
0.1 cc. of broth (0.18 cc. of toxin) invariably killed guinea pigs of 200 
to 210 gm. in less than 24 hours with typical symptoms and autopsy 
findings. 

One unit of toxin is the amount which, when injected intratracheally, 
will kill a guinea pig weighing 200 to 210 gm. in from 4 to 24 hours. 
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with typical symptoms and autopsy findings; w'hile one irnit of anti- 
toxin represents the smallest amoimt of serum which is necessary to 
protect a guinea pig of the same weight against one unit of toxin when 
the mixture is injected intratracheally. 

Results from These Neutralization Experiments 

The strength of the horse senuns in neutralizing antibodies for the 
lung-tojdc poison appears to depend quite regularly on the amount of 
pneumococcus toxic autolysate the horses have received. The serums 
of Horses 725 and 726, the horses most highly immunized to the toxic 
autolysates, have shown a progressive and rapid increase in their 
content of neutralizing antibodies during the last 3 months (an increase 
of from 5000 to 40,000 units). 

On the other hand, serums from several bleedings from Horse 787, 
which had recently been started on pneumococcus autolysate injec- 
tions, and from Horses 382 and 685, which had been treated with a 
variety of pneumococcus products for several years and only recently 
with injections of toxic autolysates, all showed relatively small 
amounts of neutralizing antibodies. However, recent tests carried 
out with a concentrated preparation from the latest bleedings from 
Horses 382 and 685, show an increase in these antibodies. (See 
Table I.) 

Effect of Normal Horse Serum, Antipneumococcus Horse Serum or 
Antipneumococctis Horse Serum Concentrated by the Felton 
Method‘s on the Lung-Toxic Autolysates 

Neither normal horse serum nor unconcentrated antipneumococcus 
horse serum containing 500 protective units per cubic centimeter to 
Pneumococcus I had any detoxifying effect on the to.xin when used in 
1-10 dilution — 0.1 cc. of serum added to 0.9 cc. of toxin — and set up 
under the same conditions as the other mixtures. The antipneumo- 
coccus serum concentrated by the Felton method and containing 
1000 protective units per cubic centimeter to Pneumococcus I, detoxi- 
fied the toxin w’hen used in 1-20 dilution, but had no effect on the 
toxin when used in 1-50 dilution. 

* We are indebted to Dr. WiUiam Park of tbe New York Citj' Board of Health 
for these scrums. 
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Experiment I. Table I 

Serum Tested: 

787. 4th bleeding. 

725. 7th bleeding. 

31222. Concentrated preparation from 6th bleeding of horses 725 and 726. 
31221. Concentrated preparation from the 86th bleeding of Horse 382 and 
the 13th bleeding of Horse 685. 


The in Vitro Neutralization of Lung-Toxic Autolysates with Autolysate Horse Serums 


Pig No. 

Weight 

Serum 

tested 

Final 
dilution of 
scrum 

Symptoms 

Died or survived 

Amt. con- 
solidation 
in lungs 

Calculated 
units of 
antitoxin 
per cc. 

350 

192 

787 


0 

S. 



312 

194 

787 


++ 

D <18hrs. 

+ -h + 

250 

327 

208 

787 

1-200 

+++ 

D <lShrs. 

+++ 


317 

192 

MM 

1-1000 

0 

S. 



308 

206 

mm 

1-2000 

0 

S. 


20,000 

346 

190 

725 

1-4000 

0 

S. 



315 

206 

725 

1-8000 

+++ 

D <18 hrs. 

+ + 


322 

190 

31222 

1-2000 

0 

S. 



311 

192 


1-4000 

0 

S. 


20,000 

314 

204 


1-8000 

++ 

D <48 hrs. 

-}- + 


321 

206 


1-8000 

+++ 

D <18 hrs. 

+++ 


325 

190 

31221 

1-200 

0 

S. 



323 

202 

31221 

1-400 

0 

S. 


2,000 

349 

202 

31221 

1-1000 

+++ 

D <40 hrs. 



324 

204 

31221 

1-2000 

++ 

S. 



307 

210 





-(■++ 

D < 18 hrs. 

+ + 


309 

208 

— 

— 

+-1 + 

D < 18 hrs. 

++ 


358 

206 

— 

— 

+++ 

D < 18 hrs. 

++ + 



This table is self explanatory. 


Table I shows the results of a typical experiment made to determine 
the strength of these neutralizing substances in the serum of immunized 
horses. There is one discrepancy in this experiment, in that Guinea 
pig 349, which received twice as much of Serum 31221 in its toxin- 
serum mixture as did Guinea pig 324, died; while the latter pig, 
although extremely sick for several days, survived. In tests carried 
out with the greater serum dilutions, discrepancies of this sort occa- 
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sionally occur. We believe that these discrepancies are due to the 
greater susceptibility to the toxin of a small percentage of pigs 
(approximately 10%), in which instances the lethal dose of toxin 
may be | to J the usual lethal dose. Therefore, for accurate results 
in the titration of a serum, it is necessary to use several pigs for each 
of the final dilutions of serum. 

In a previous paper, it was shown that the pneumotoxin for Types 
I and II were antigenically similar. This experiment, Table I, brings 
out a point which we have recently confirmed several times, viz., the 
pneumotoxin from Pn. Type III is also antigenically similar to toxins 
from Types I or II. (See Pig 350 in the table.) 

Toxin used was a toxic autolysate from Pn. Type III. 0.9 cc. 
of the toxin was added to 0.1 cc. of the diluted serum, or to 0.1 cc. of 
broth. After standing for 2 hours at room temperature under vaseline 
seal, guinea pigs were injected intratracheally with 0.2 cc. of the 
mixtures. 


CONCLUSIONS 

1. The serum of horses immunized with increasing doses of certain 
anaerobically produced autolysates of pneumococci contain potent 
neutralizing antibodies for the pneumotoxin. 

2. The method for the in vitro titration of these horse antipneumo- 
tojdc senuns is given. 




BIOMETRY OF CALCIUM, INORGANIC PHOSPHORUS, 
CHOLESTEROL, AND LECITHIN IN THE BLOOD 
OF RABBITS 

IV. Efjfects of a Malignant Tumor 
B y ALVm R. HARNES, M.D. 

{From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, May 11, 1929) 

The present paper is part of a study of the relations of certain 
blood constituents in animals as affected by various types of 
environment and disease (1, 2, 3). The experiments to be reported 
deal with the variations of calcium, inorganic phosphorus, lecithin 
and cholesterol in the blood of animals inoculated with a malig- 
nant neoplasm (4). 


Material and Methods 

The animals used were male rabbits from 6 to 8 months old at the beginning of 
the experiment. IMiile under observation, the animals were caged separatel}% 
and kept in a well lighted (sunlight), well ventilated room with a southern e.xposure. 
The rooms were heated during the colder weather. The diet of the animals 
consisted of hay, oats, and cabbage. 

Three groups of 10 animals each were inoculated in one testicle with 0.3 cc. of a 
tumor emulsion. Examinations of the blood were made at weekly intervals for a 
period of 2 months. During this time, some animals died; those that survived 
were then killed and autopsied. 

The results for the control animals will be omitted as the general trend and 
variation of results are comparable to the group prerdously reported (2) . hlore- 
over, a comparbon of the values obtained for animals that recovered with those 
for animab that died b more significant than a comparbon made with normal 
values. 

At the conclusion of the e.\periment, the 30 animals comprbmg thb series were 
dbided into 2 groups; (1) those animab in which death was due to the neoplasm, 
and (2) those recovering from the tumor inoculation. The results obtained from 
these 2 groups of animab are presented in the present paper. The results for the 
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12 animals in whicli death was due to the tumor (Group I) are presented in Table 
I, while the results of the 18 animals recovering from the tumor inoculation 
(Group II) are presented in Table II. Each table is divided into 7 dates of 
record, the first recorded examination, —14 days, are the results obtained 14 days 
preceding inoculation; second, the results obtained on the day of inoculation; 
third, the results +14 days after inoculation. The subsequent 4 determinations 
were made at 7 day intervals. The recorded values at “time of death” does not 
mean all animals died 42 days after inoculation, but summarizes the results 
obtained from these animals a day or two preceding expiration. The data pre- 
sented in this paper are derived from experiments, the procedures of which were 
described in detail in a preceding paper (1). In all text-figures and tables the 
lipoid phosphorus is calculated and presented as lecithin. 

The pertinent features of the experiment may be summarized as follows: 


Group 

No. of 
animals 

No. of 
examina- 
tions 

Date of inoculation 

Observation period 

A 

10 

99 

Nov. 17, 1927 

Oct. 27, 1927 to Jan. 12, 1928 

B 

10 

99 

Jan. 19, 1928 

Jan. S, 1928 to Mar. 22, 1928 • 

C 

10 

76 

Mar. 27, 1928 

Mar. 15, 1928 to May 22, 1928 


Results 

The results of the observations made in this experiment are 

presented in the form of tabulated summaries, Tables I to III, 

which are supplemented by a series of graphs. Text-figs. 1 to 10. 

The mean values contained in Tables I and II have been smoothed 

A + 2B +0 , , . , • 

by the formula and are presented in the graphs m 

4 

terms of per cent variations from standard mean values, using for 
this purpose values obtained for animals living in the open labora- 
tory throughout the year. These results were reported in a previous 
paper (2) and shall serve also as a basis of comparison for certain 
ratio values obtained in the present experiment. 
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Lecithin 
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cient of 
vntin- 
tion 
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O ^ ^ 

^ •H C'l ♦H 'fH 

W 'S 
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C>1 CS »-l ^ 
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mj. per JOO ee. 
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108 ±5.82 
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per cent 

14.17 
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13.93 
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Lecithin 

Coeffi- 
cient of 
variation 

fcr cent 

21.16 

26.46 

25.77 

18.11 

18.57 

14.66 

13.51 

Stand- 

ard 

devia- 

tion 

mg. 

26.87 

30.16 

27.57 

19.02 

21.36 

17.59 

15.40 

Mean 

mg. per 100 cc. 

127 ±4.27 

114 ±4.79 
107 ±4.38 
105 ±3.11 

115 ±3.49 
120 ±2.89 
114 ±2.52 

Cholesterol 

Coeffi- 
cient of 
variation 

per cent 

16.62 

14.24 

7.61 

12.04 

13.68 

9.92 

14.18 

■ 

mg, 

11.93 

9.13 

4.80 

7.86 

8.48 

6.33 

8.21 

Mean 


Calcium 

Coeffi- 
cient of 
variation 

per cent 

12.01 

6.40 

6.28 

7.13 

4.63 

10.33 

6.82 

■ 

. to NO ^ CO 

fco OOOnCnOnOIOO 
g 

^ o o ^ o ^ 

Mean 

mg. per 100 cc. 

15.4 ±0.29 

15.0 ±0.15 

14.5 ±0.14 

15.0 ±0.18 

14.7 ±0.11 

15.2 ±0.26 

15.1 ±0.17 

Inorganic phosphorus 

Coeffi- 
cient of 
variation 

per cent 

10.92 

12.29 

16.40 

9.39 

8.61 

16.73 

16.44 

Standard 

deviation 

, lO CO O to CO 

to NONOONtOlOCvOO 
g 

ooooooo 

Mean 

mg. per 100 cc. 

6.13 ±0.11 
5.29 ±0.10 

5.67 ±0.15 

5.75 ±0.09 

5.81 ±0.08 

5.68 ±0.16 

5.05 ±0.14 

Days 

-14 

Inoculated 
+ 14 
+21 
+28 
+35 
+42 


B 


n 
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Figs. 1-4 
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DISCUSSION AND CONCLUSIONS 

An examination of the results given in Tables I and II and the 
curves in Text-figs. 1 to 4 show certain striking differences between 
animals which died from the tumor and those that recovered. The 
differences were exhibited chiefly in the variation and trend of 
inorganic phosphorus, calcium, and cholesterol,- the lecithin remain- 
ing more or less constant in both groups of animals. 

Inorganic Phosphorus . — ^At the beginning of the experiment, the 
inorganic phosphorus (Text-fig. 1) in Group I was slightly lower 
than that obtained for Group II. At the time of inoculation both 
groups showed a decrease in inorganic phosphorus but the relative 
position was the same. The next examination, 14 days after inocu- 
lation, gave values of inorganic phosphorus which coincided. From 
this period. Group I gave increasing values for inorganic phosphorus 
and at the end of the experiment the results were 60 per cent higher 
than those recorded at the time of the first examination. Group 
II showed a steady decrease in inorganic phosphorus, the final 
level for this substance being 20 per cent lower than that obtained 
at the first examination. The inorganic phosphorus exhibited the 
highest per cent variation. 

Calcium . — The calcium (Text-fig. 2) in Group I, at the —14 day 
period, was slightly higher than that found in Group II. With a 
gradual decrease in trend, this position was maintained until after 
the -f 14 day period at which time the position of the 2 groups was 
reversed. From this time, the results for Group I showed a more 
or less constant level until at the time of the last examination 
the values obtained for calcium were decidedly lower than those 
obtained for Group II. The calcium in the blood serum of Group 
II exhibited an uninterrupted increase beginning 14 days after 
inoculation and continuing throughout the remaining period of 
the experiment. 

Cholesterol . — ^The cholesterol (Text-fig. 3) content of the whole 
blood in Group I was practically 20 per cent higher than that 
found in Group I at the — 14 day examination. From this high 
level, the cholesterol in Group II showed a marked decrease which 
continued throughout the remainder of the experiment. At the 
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time of inoculation, the cholesterol content of the whole blood in 
Group I was practically the same as that of the preceding examina- 
tion. From this time, however, the cholesterol increased rapidly, 
the last value being 55 per cent higher than that obtained for 
Group II. 

Lecithin . — The lecithin (Text-fig. 4) level for Group I was slightly 
higher than that found in Group II throughout the entire experi- 
ment, with the exception of the results obtained at the 4-35 day 
period. At this time, the values for Group I‘were slightly lower 
than those for Group II. From the beginning of the experiment, 
both groups exhibited a gradual decrease in lecithin which continued 
until 14 days after inoculation. During the next 7 days both 
groups remained practically constant. From this period. Group II 
showed a gradual increase in lecithin, reaching a maximum on the 
4-35 day examination. At the time of the last examination, how- 
ever, the values were again lower than Group I. The lecithin for 
Group I throughout this same period maintained an almost 
constant level. 

Ratios 

The ratio curves (Text-figs. 5 to 10 inclusive) are presented in 
terms of per cent variation of the smoothed values from stand- 
ard ratios (2). 

The calcium-inorganic phosphorus ratio (Text-fig. 5) of Group I 
at the —14 da,y period was almost 10 per cent higher than that 
found in Group 11. At the time of inoculation, the ratio for Group 
I showed a slight decrease while in Group II the ratio was markedly 
increased. From the time of inoculation throughout the remainder 
of the experiment, the ratio of calcium to inorganic phosphorus for 
Group I continued to decrease, the last determination being 36 
per cent lower than that found in Group II. This low value was 
due to both an increase in inorganic phosphorus and a decrease in 
calcium. The trend of the ratio for Group II following inoculation 
showed a decrease of about 2 per cent at the 4 21 day period. 
From this time on, however, the ratio in this group continued to 
rise, reaching its highest value at the time of the last examination. 

The lecithin-cholesterol ratio (Text-fig. 6) for Group I began with 
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a value about 4 per cent above the standard. . From this time 
throughout the entire experiment, the ratio for Group I showed 
an uninterrupted decrease and /ht the last examination was 29 per 
cent below Group II, the decrease being affected chiefly by the 
marked increase in cholesterol occurring in this group of animals. 
At the —14 day examination, the lecithin to cholesterol ratio in 
Group II was some 16 per cent lower than that found in Group I. 
Throughout the next 28 day period, the ratio trend showed a slight 
decrease. During the next 7 days there was a tendency toward 
stabilization. Following this period of stabilization, however, the 
ratio trend in Group II showed a marked increase which continued 
throughout the remaining period of the experiment. 

The cholesterol-calcium ratio (Text-fig. 7) for animals in Group 
I began with a value slightly under the standard. There occurred 
a gradual increase in the ratio up to the 14 day period. Follow- 
ing this, the ratio increased very rapidly and at the time of expira- 
tion the value for the cholesterol-calcium was 80 per cent higher 
than that found at the —14 day examination. This high ratio 
value was due to both an increase in cholesterol and a decrease 
in calcium. The cholesterol-calcium ratio for animals in Group II 
at the —14 day examination was 25 per cent higher than that 
found in the animals of Group I. From this initial value, the ratio 
trend continued to decrease gradually until the -j-21 day period. 
Following this date, the decrease which continued throughout the 
remainder of the experiment, was more rapid and at the final 
examination was practically 18 per cent lower than the first deter- 
mination. A more detailed discussion of calcium-cholesterol rela- 
tionship will be presented in a subsequent paper. 

The trend of the lecithin-inorganic phosphorus ratio (Text-fig. 8) 
for both groups was somewhat similar to that of calcium-inorganic 
phosphorus. At the —14 day examination. Group I showed a 
ratio level about 5 per cent higher than Group 11. With a slight 
decrease in trend, the 2 groups maintained practically the same 
relationship until the -f 21 day period when their ratio positions 
were reversed. From this date, the ratio for animals of Group I 
showed a rapid decrease while that for Group II gave increasing 
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values. This change in position for both groups of animals can 
be attributed chiefly to the variation of inorganic phosphorus. 

The lecithin-calcium ratio (Text-fig. 9) for animals in Group I 
was slightly lower than that found in Group II. At the time of 
inoculation and throughout the following -fl4 day period, the 
ratios for both groups coincided. At the time of the -f21 day 
examination, the ratio for Group I was slightly higher than that 
found in Group II. This position continued throughout the remain- 
der of the experiment and at the time of the last examination the 
animals of Group I gave a ratio for lecithin-calcium 14 per cent 
higher than that of Group II. 

The cholesterol-inorganic phosphorus ratio (Text-fig. 10) showed 
the least per cent variation. Group I which at the —14 day 
examination gave a ratio value 10 per cent higher than Group II, 
showed a gradual decrease in trend until the -fl4 day period. 
During the next 14 days a slight increase occurred to be followed 
by a rapid decrease. This decrease occurred at the -f35 day 
examination and was the only time during the experiment when the 
cholesterol to inorganic phosphorus ratio for Group I was below 
that of Group II. This final examination resulted in a .value for 
Group I which was 10 per cent higher than that found in Group 
II. During the 14 days preceding inoculation, the trend of the 
cholesterol-inorganic phosphorus ratio for Group II paralleled that 
of Group I. Following inoculation the ratio for Group II gradually 
increased, reaching its highest level on the -h28 day examination. 
From this time, the ratio decreased, the decrease being more rapid 
throughout the last 7 days of the experiment. 

It will be noted that in all ratio curves the change in position 
or trend occurred about 21 days after inoculation. This cor- 
responds in a measure with the clinical course of the disease, for it 
is about this time that the ultimate fate of the animal is determined; 
from this point onward the tumor either pursues a malignant course 
or is gradually brought under control and recovery begins. 

In the following table a comparison is made between the two 
groups of animals with respect to their ratio positions at the end 
of the experiment, 1 representing the highest and 4 the lowest value. 
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Ratio Positions of Tumor Animals 


Group 

Ca./P. 

Lec./Chol. 

Chol-/Ca. 

Lec-ZP. 

Chol./P. 

Lec./Ca. 

II 

1 

1 1 

4 

1 

4 

1 

I 

4 

4 I 

1 

4 

- 1 

1 


When compared with a previous report on the influence of light 
environment (3) jit will be no ted that with the exception of the choles- 
terol to inorganic phosphorus ratio, the animals in Group I occupy 
a position similar to that of animals exposed to the ultra-violet 
light, while Group II occupies a position similar to animals living 
in total darkness. 


Correlation 

The coefficients of correlation for both groups of animals calcu- 
lated on the basis of trend, individual mean values, and for each 
group series, are presented in Table III. It will be noted that the 
highest negative r inorganic phosphorus-calcium occurred in the 
animals of Group I, In Group II the r calcium-cholesterol were 
all positive while in Group I these same coefficients were all negative 
and of a somewhat greater magnitude. The r cholesterol-lecithin 
were all positive in Group II. These values while rather small were 
all negative in Group I. 

Summarizing the results of this experiment, it will be noted that 
animals in. which the tumor proved most malignant (Group I) 
there occurred a marked increase in inorganic phosphorus of the 
blood serum and cholesterol of the whole blood and a decrease in 
serum calcium. The ratios of cholesterol to calcium and lecithin 
to calcium increased in trend following inoculation, while the ratios 
of calcium to inorganic phosphorus, lecithin to cholesterol, and 
lecithin to inorganic phosphorus showed a marked decrease in 
trend. The animals in Group II exhibited trends and ratios of 
these 4 blood constituents similar to the control animals (2). 

SUiUIARY 

Experiments are reported in which it was shown that the calcium 
inorganic phosphorus, cholesterol, and lecithin in the blood of 
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normal rabbits were influenced by inoculation with a malignant 
tumor (4). 

Animals in which death was due to tumor gave results on which 
the following conclusions are based: 

1. A marked increase in inorganic phosphorus of blood serum 
and cholesterol of whole blood followed inoculation. 

2. The ratios of cholesterol to calcium and lecithin to calcium 
increased in trend, while the calcium to inorganic phosphorus, 
lecithin to cholesterol, and lecithin to inorganic phosphorus ratios 
showed a marked decrease in trend. 

3. The r cholesterol-lecithin were all negative. 
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The development of the supravital technique for the study of living 
cells has provided a new and interesting method for the cytolo^cal 
study of various animal tissues. This paper concerns the application 
of such methods to the blood and bone marrow cells of the domestic 
fowl. White Leghorn, Pl 3 rmouth Rock and Black Jersey Giant 
roosters have been used in these experiments. 

Direct Method of Counting 

The problem of securing an accurate count of the white blood cells 
of the fowl has presented three difficulties. The avian red blood cells 
are nucleated, hence any method using the usual diluting fluids con- 
taining acetic acid will not permit discrimination between the red blood 
cell nuclei and the white blood cells. The second obstacle to an 
accurate count is the character of the thrombocytes. These structural 
elements in the fowl are about the size of lymphocytes and some of them 
may be confused either with red blood cells in which there is little 
hemoglobin, or with lymphocytes. The third factor is the rapidity 
with which coagulation occurs in the blood of the fowl. 

Blain (1) has recently introduced a direct method for making total white blood 
cell counts on avian blood. He used two diluting fluids; Solution 1 contained 
neutral red 1 '.5000 made up in Locke’s solution and adjusted to a pH of 7.4. The 
blood was first diluted with this solution at a temperature of 39°C., xmtil the red 
cell pipette was one-half full. The mixture was shaken for 15 seconds, at the end 
of which time the pipette was filled with Solution 2, consisting of 12 per cent 
formalin in Locke's solution at pH 7.4. Shaking was then resumed for from 2 to 3 
minutes. In this way he stated that every white cell had taken up sufficient 
neutral red to make possible its identification from the red blood cells. The latter- 
took up no neutral red. 
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Prior to Plain’s work the only method of estimating the number of 
white blood cells of avian blood was by indirect calculation, in which 
the total number of red and white corpuscles was determined in the 
counting chamber. Then, in films, the ratio between the number of 
red and white blood corpuscles was determined. From the total 
number of blood cells and from this ratio the number of white blood 
corpuscles per cubic millimeter may be calculated. This indirect 
method is subject to great error chiefly for two reasons. It presup- 
poses an absolutely even distribution of red and white blood cells, 
which actually rarely obtains. The second source of error is in the 
thrombocytes. The size and character of these elements make their 
separation from lymphocytes in the counting chamber exceedingly 
difficult or impossible. 

V 

Blain (2) stated in a further communication that he identified no structures in 
avian blood corresponding to the platelets of mammals. It would appear, 
tlien, that the structures whicli other investigators, among them Ellermann (3), 
Albertoni and Mazzoni (4), Sugiyama (5), and which we ourselves consider to be 
thrombocj'tes have been included eitlier in tlie red blood cell counts or in the 
white blood cell counts of Blain. 

The method employed for the counting of the white blood cells 
in the studies reported in this paper has also made use of the vital stain- 
ing properties of neutral red. A single diluting fluid has been devised, 
consisting of 25 mgm. of neutral red in 100 cc. of 0.9 per cent sodium 
chloride solution. This solution is filtered once and is kept at room tem- 
perature. It is preferable, but not essential to have the fluid warmed 
to body temperature at the time of use. The ordinary red blood cell 
pipette is used. The blood from a puncture of the wing vein or of the 
comb is drawn to the 0.5 mark and immediately diluted to the 101 
mark, giving a dilution of 1 200. The pipette is shaken for 4 or 5 
minutes as in ordinary blood cell counts. The counting chamber is 
filled in the usual manner. We have found it quite unnecessary to 
have the fluid at a definite pH or to introduce other complicated 
procedures. 

It has been found that witli this diluting fluid the pol 3 ^morphonu- 
clear elements and the monocytes stain in a characteristic manner, so 
that tliey can be recognized in the counting chamber with an 8 mm. 
lens and No. 10 objectives. The Ijonphocytes and thrombocytes are 
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not appreciably stained with the dye. The polymorphonuclear cells 
are characteristic in that the cytoplasmic border stains heavily and 
gives the appearance of a very dark, heavy rim to these cells. The 
monocytes take the dye more diffusely and do not have the deeply 
stained border. The lymphocjdes and thrombocytes can be seen in 
the chamber but remain almost entirely unstained. Those red blood 
cells which have a small amount of, or no hemoglobin likewise fail to 
stain. The last three elements, lymphocytes, thrombocytes, and red 
' blood cells without appreciable hemoglobin caimot be distinguished 
with any degree of accuracy in the coimting chamber. The white 
blood cell coxmt is made in the following manner: The total number of 
polymorphonuclear cells and monocytes is counted in the whole area 
of the ruled portion of the chamber (0.9 cu. mm.). This value -taken 
together with the percentage of these combined elements obtained from 
the differential coimt permits a calculation of the total leucocyte count, 
exclusive of thrombocytes. An example will clarify this explanation. 


Total number o£ polymorphonuclear cells and monocytes in 0.9 cu. 


mm 7200 cells 

Total number of polymorphonuclear cells and monocytes in 1 cu. mm. . 8000 cells 
Differential leucocyte count 

Polymorphonuclear eosinophiles 50 per cent 

“ neutrophiles 4 

“ basophiles 2 

Monocytes 10 

Total polymorphonuclear cells and monocytes 66 per cent 

Small lymphocytes 30 

Large “ 4 

' 100 per cent 

Therefore, 66% of total count = 8000 cells 

8000 

100%“ “ “ = X 100= 12,121+ white blood cells per cu.mm. 


By this method the difficulties of confusing the thrombocytes with 
the white blood cell count or with the erythrocyte count are overcome. 
There is also the advantage that the red blood cells may be counted in 
the same chamber as the leucocytes. This is practicable in the chicken 
because of the relatively low erythrocyte and relatively high leucocyte 
counts. 

It should be stated here that the above method has been employed 
in this laboratory'' on many animals over a period of two years with con- 
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sistent results. The accuracy has also been tested by using the 
method on human blood, where entirely consistent results were 
obtained. The method was tried on a case of human lymphatic leu- 
kemia with a count of 60,000 cells. None of the lymphocytes con- 
tained any significant amount of dye, whereas the polymorphonuclear 
leucocytes and monocytes stained as they do in chickens’ blood. It is 
pointed out that the method is readily adaptable for the counting of 
human blood, in which there are many normoblasts. I recall a case of 
sickle cell anemia in which there were 40,000 to 70,000 normoblasts 
per cubic millimeter of blood. The usual acetic acid diluting fluid 
does not distinguish these cells from leucocytes and thus a false leuco- 
cyte count was obtained. Likewise the normoblastic showers occur- 
ring in pernicious anemia are apt to lead to an erroneous white blood 
cell count unless a method of the t)T)e here outlined is resorted to. 

Supravital Studies 

Because of the diversity of opinion concerning the character of the 
cells in the blood of the domestic fowl, it seems necessary to give in 
some detail descriptions and illustrations of the types of cells encoun- 
tered. It should be pointed out at this time that the following descrip- 
tions of cells apply only to the domestic fowl. Other kinds of birds, as 
pigeons, doves, etc., show a somewhat different picture. 

Detailed observations on the blood and bone marrow cells of the 
chicken have been made by the use of the supravital technique and 
are reported in this communication. This is now a generally accepted 
method of great value to the cytologist for the study of living cells. 
It yields information concerning the motility, phagocytic power, mito- 
chondrial content, fragility, and life history of the cells, which cannot 
be obtained by studying fixed smears or sections. The method has 
been used for many years by isolated investigators and has been more 
recently advocated and described by Simpson (6), Sabin (7), and 
others. For detailed descriptions of the technique, their papers should 
be consulted. In these studies neutral red and Janus green have been 
used as in the method given by Sabin (7). 

Descriptions of Blood Cells 

Red Blood Corpuscles (Fig. 11).— These ceUs in the chicken are aU 
nucleated. They are oval in shape and considerably larger than the 
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red blood cells of man. The nucleus is usually slightly irregular and 
roughly oval in shape, and is smaller than that of a small lymphocyte. 
It is about the same size, or somewhat smaller than that of a thrombo' 
cyte. The nuclei of the normal red corpuscles are distinct from those 
of any other cells in that most of them are clear and show very little 
nuclear structure. Occasionally one finds a nucleus of a red blood 
corpuscle which is somewhat shrunken, more round than usual, and 
which has a more distinct, reticular structure. Around the nuclei of red 
blood corpuscles one almost invariably finds a few bluish-green, rod- 
shaped mitochondria which stain spedfically with Janus green. The 
cytoplasm also contains from none to several small, reddish-brown 
bodies which are usually near the nucleus, but they often move about 
and may be far out near the cell border. In the supravital film, cells 
are sometimes found which obviously belong to the erythrocyte series, 
but in which there is no hemoglobin or a barely perceptible amount 
(Fig. 8). These cells have been confused with thrombocytes (Figs, 
7,9). However, careful scrutiny will always reveal an intact cellular 
membrane. The cytoplasm is much more abundant than that of the 
thrombocyte and the nucleus is distinct. These we have called degen- 
erating forms of red blood cells. Clinging to their nuclei one can often 
see refractive vacuoles which are rarely stained and which are different 
from the stained vacuoles one sees in thrombocytes. 

'Throviiocyles (Figs. 7 , 9) . — ^These cells in the fowl are nucleated and 
are about the size of small or intermediate lymphocytes. They are 
distinctly smaller than erythrocytes. Their configuration is usually 
irregular in contrast to the round lymphoid cells and the oval red blood 
cells. The nuclei are distinguished by a very pronounced splotching 
which is so marked that it often appears vacillated. This is in contrast 
to the clear, almost structureless nuclei of the erythrocytes, and to the 
softer, more cloudy appearance of the nuclei of the lymphocytes. The 
cytoplasm of thrombocytes is often quite clear at first (Fig. 9), but 
after a few minutes' exposure to neutral red and Janus green, vacuoles 
(one or a few) develop at one or both ends of the nuclei (Fig. 7). 
These vacuoles stain a muddy brown color, are non-refractive, and in- 
crease in size with longer exposure to the dye. Sometimes a few very 
delicate, barely perceptible mitochondria appear in the perinuclear 
area. These bodies are much less constantly found and are not as 
large or as conspicuous as in lymphoty'tes. 
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' V 

Thrombocytes occur characteristically in clumps of two, three, or 
many cells, but are also found singly. In this respect they behave as 
do the blood platelets of mammals. 

P olymorphomiclcar Eosinophiles (Fig. 1). — These cells are numerous 
in the blood stream and, as has been shown by Moore (S) and others, 
are the elements which are specifically increased in fowl typhoid. 
They have a lobulated nucleus with a reticular chromatin network. 
The cytoplasm is filled with rod-shaped, specific granules which stain 
red with eosin in fixed preparations and stain a golden-yellow with 
neutral red in supravital films. These rods are not very xmiform in 
size and shape. Some of them are short and almost round ; others are 
sometimes club-shaped. The majority of them, however, are uniform 
in their size and staining reactions. After a few minutes' exposure to 
the dye, one or more vacuoles may appear in the cytoplasm. These 
vacuoles stain a reddish-orange color and increase in size with longer 
exposure to the dye. Mitochondria are rarely seen. When present, 
they are delicate filaments or dots staining specifically with Janus 
green. The polymorphonuclear eosinophiles are actively motile 
cells. They are probably comparable, in their function, to the 
poljunorphonuclear neutrophiles of human blood. 

Polymorphonuclear Cells with Pseudo-eosinophilic Granules (Fig. 2). — 
These elements have been commonly referred to in the literature as 
true eosinophiles, as eosinophiles with round granules, and as neutro- 
philes. They differ from the eosinophilic cells with rods not only in 
the shape of the granules, but also in their chemical reaction to the 
dye. The granules are really pseudo-eosinophilic. They, take very 
little of the color in neutral red preparations. The granules are uni- 
form in size and color and are quite small. They rarely fill the cyto- 
plasmic area. The granules are very similar to the granules of ampho- 
philes or neutrophiles of rabbits. The nucleus is usually bilobed. 
Mitochondria are commonly present among the specific granules. The 
cells are rarely as actively motile as the cells with eosinophilic rods. 

Basophiles (Fig. 4). — The cells with specific basophilic granules are 
about the same size as those with eosinophilic rods. The nucleus is 
usually a single, irregular or round mass, but may be lobulated. 
The nucleus shows a diffuse chromatin distribution. The cytoplasm 
is filled with red specific granules. The cells are only slightly motile. 
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Monocytes (Fig. 5). — ^These are conspicuous cells in the chicken's 
blood. They vary somewhat in size from that of the polymorphonu- 
clear cells to slightly larger. The nucleus is commonly indented or 
horseshoe-shaped but may be round or lobulated. Mitochondria are 
abundant, small, and may be in the shape of filaments, rods, or dots. 
The cytoplasm possesses a hazy appearance in contrast to the clear, 
glassy cytoplasm of lymphocytes. Neutral red bodies are prominent 
features and are often grouped together, forming a rosette in the bay of 
the nucleus. These neutral red bodies (segregation apparatus) 
increase in size with longer exposure to the dye. They stain a brick- 
red color and are almost all non-refractive. These cells are motile and 
have the same type of motility as has been described by Sabin (7) for 
the monocytes of human blood. 

Lymphocytes (Figs. 6, 10), — Small, intermediate, and large lympho- 
cytes are easily distinguished in fowl blood. The small lymphocytes 
are much more numerous than the larger forms. They are about the 
size of hiunan small lymphocytes, but appear much smaller because 
of the larger red blood cells with which to compare them. They are 
similar in all respects to the lymphocytes of human blood. The nucleus 
is round or slightly indented and is relatively large in proportion to the 
amount of cytoplasm. The nuclear structure is made up of masses 
of chromatin which fade off gradually into the surrounding nuclear 
structure, giving a soft, cloud-like effect in contrast to the nuclear 
structure of thrombocytes and erythrocytes. In the cytoplasm of 
lymphocytes one finds large, coarse mitochondria as a constant feature. 
These Altmann bodies, which stain specifically with the Janus green, 
are apt to be perinuclear in their distribution and are sometimes 
grouped on one side of the nucleus. Many of the lymphocytes possess 
one or several small, red bodies in the cytoplasm. These structures 
stain a dark red in contrast to the brick-red of the monocyte granules 
and the brown of the thrombocyte segregation bodies. These neutral 
red bodies of the lymphocyte are round and are refractive, whereas 
the neutral red bodies of the monocytes and thrombocytes are non- 
refractive. The lymphocytes are only slightly motile in very fresh 
preparations. They move slowly with the nucleus near the front of 
the cell. 

The accompanying table (Table I) gives the average total and per- 
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centage values of each of the structural elements found in the blood of 
eleven domestic fowls. The total number of counts reported is 29. 
The average red blood cell count was 3,267,000 cells per cubic milli- 
meter. The liighest and lowest counts were 3,760,000 and 2,300,000 
erythrocytes per cubic millimeter respectively. The average thrombo- 
cyte value was 34,990 cells per cubic millimeter, with a variation from 
5,408 to 142,048 thrombocytes per cubic millimeter. Total leucocytes 
averaged 24,586 cells per cubic millimeter and varied between 6,760 
and 73,600 cells per cubic millimeter. The hemoglobin (Newcomer 
method) varied from 46 per cent to 77 per cent. The average was 
62.9 per cent. 

Eosinophiles with rods varied between 18 and 66 per cent in different 
animals and averaged 34.72 per cent. Pseudo-eosinophiles with small, 
round granules were not encountered in ten of the counts. The 
highest percentage obtained was 11, and the average 1.76 per cent. 
Basophiles were found in all except one animal. The liighest percent- 
age value obtained was in Rooster 64, where they were 10 per cent. 
The average value was 4.21 per cent. Monocytes were found to be 
high in the chicken, varying from 3 to 38 per cent and averaging 17.1 
per cent. Lymphocytes were usually more numerous than any 
of the white blood cells except thrombocytes. They also showed a 
wide variation between 15 and 69 per cent. The average value was 
41.79 per cent. Myelocytes were rarely encountered and unclassified 
cells were few in number. 

The total numbers per cubic millimeter of each of the types of 
leucocytes are given in Table I. Their average values obtained were: 

per cuiic 

vtillimeter 


Eosinophiles with rods 8,642 

Pseudo-eosinophiles 385 

Basophiles 1,069 

Monocytes 4,444 

Lymphocytes 9,900 


Discussion of Blood Cells 

The literature records the observation of numerous investigators 
on the blood of the fowl. Some of the more important of these studies 
have been summarized in Table II. 



TABLE II 

Blood Counts of Dontcstic Fowls as Recorded in Literature 
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It will be seen that Mack (14) records 55,272 leucocytes per cubic millimeter as 
the normal count, whereas Blain’s (2) and Burnett’s (17) data show 18,000 cells 
per cubic millimeter as the average normal value. Likewse the thrombocytes 
have been variously recorded. Most of the investigators have failed to enumerate 
them. Klieneberger and Carl (15) state that they vary from 22,000 to 130,000 per 
cubic millimeter. On the other hand, Blain (2) has failed to find any of these 
structures. The percentages of the types of leucocytes have yielded markedly 
different figures in the hands of different investigators. Eosinophiles with rods 
are reported by Breusch (19) as constituting 17.7 per cent of the total leucocytes, 
whereas Blain (2) found 49.4 per cent of these cells. Klieneberger and Carl (15) 
identified no monocytes or transitional cells in normal domestic fowls. On the 
other hand, Schmeisser (18) states that there are 19.4 per cent of these elements in 
the blood. 

An analysis of the literature reveals four causes for most of the 
discrepancies. These causes are: study of insufficient numbers of 
animals, failure to make a sufficient number of observations on single 
animals, lack of an adequate method of counting white blood cells, 
and confusion of thrombocytes with other elements of the blood. It 
must also be borne in mind that there are large individual fluctuations 
of the leucocyte counts of fowls which are considerably greater than 
those encountered in mammals. 

Still another factor which has led to confusion in the interpretation 
of blood cells of the fowl is the method of classification of the granular 
leucocytes. 

Niegolewsky (20), for example, described two types of oxyphil granular cells, 
one with large refractive granules and another with fine o.xyphil granules. The 
former were numerous and the latter few in number. In' addition he found two 
types of basophiles and also neutrophilic leucocytes. The latter had round or 
polymorphous nuclei and fine granules. Griinberg (21) described two types of 
eosinophilic leucocytes: (a) cells with crystalloid granules, and (b) cells with 
globular-like granules. These latter he stated were similar to the polymorphonu- 
clear cells of man. Hirschfeld-Kaszmann (22) stated that three types of eosino- 
philic granular cells occurred: (a) cells with segmented nuclei and crystalloid 
granules, (b) cells with single nuclei and pale rod-shaped granules, and (c) cells 
similar to (b) but having round granules. They found no neutrophilic granular 
cells. Burnett (17) did not call the polymorphonuclear cells with rod or spindle- 
shaped granules eosinophiles. He believed that these cells resembled in their 
staining reaction and biological properties the polymorphonuclear neutrophiles 
of mammals. He found eosinophilic leucocytes with round granules which were 
similar to the eosinophiles of mammals. Kasarinoff (23) described the same types 
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of eosinopliiles as did Grunberg (21). Klieneberger and Carl (15) found two 
types of eosinopbiles. Those with rod-shaped granules they called pseudo-eosino- 
philes and those with small granules they labelled as eosinopbiles with small 
granules. 

Descriptions of Bone Marrow Cells 

The method which has been applied in these studies to the bone 
marrow has been a modification of that employed for blood and is the 
same as that which has been used by Sabin and Doan ’(24)’ and others 
for the study of bone marrow, l3Tnphnodes, andother tissuesof animals. 
Neutral red and Janus green films are prepared as for making supra- 
vital studies on blood, except that the concentrations of the dyes are 
increased about three fold. Small pieces of representative bone 
marrow are then removed from an anesthetized or freshly killed 
animal. A suspension is made on the prepared slide by mixing the 
small piece of marrow in a drop of normal saline, or better yet, with the 
animal’s own serum. This material is spread out on the slide over an 
area the size of the coverslip. The coverglass is then allowed to 
fall gently on the prepared marrow. The preparation is quickly 
rimmed with vaseline or melted parafifin and can be studied imme- 
diately in a constant temperature box at about 38 or 39°C. Material 
prepared in this way gives a fairly uniform distribution of the cells 
and a thin enough film so that the individual cells can be studied and 
counted. The cells survive for hours if kept at body temperature. 

A complete review of the histology of the bone marrow has recently 
been written by Sabin (25). For this reason it is unnecessary to 
review again the literature on this organ. 

The types of cells found in the bone marrow of the chicken are, 
in addition to the fully matured formed elements of the blood, imma- 
ture forms of all the leucocytes and red blood corpuscles. The relative 
munbers of the various types of cells are recorded in Table m. In 
this table the numerical values are given of the cells found in the 
bone marrowof four normal, Plymouth Rock roosters, about 8 months 
of age. 

The cells present in largest numbers in films of the bone marrow are 
mature ted blood corpuscles. They constitute an average of 53.8 per 
cent of all the cells present. Mature polymorphonuclear eosinopbiles, 
on the other hand, constitute only 3.9 per cent of all the cells and 8.18 
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per cent of all the cells, exclusive of mature red blood corpuscles. 
The accompanying table has been arranged to give the percentage 
value of each constituent element both in relation to the total of all 
the cells present and in relation to the number of cells, exclusive of 
mature red blood corpuscles. The reason for this is that most of the 
mature erythrocytes probably represent extravasations from traumatic 
hemorrhage and are not true parenchymal elements of the marrow. 

Myelocytes (Figs. 14, 15, 16). — In this paper the myelocytes have 
been grouped arbitrarily into A, B, and C classes, according to the 
plan employed by Sabin, Austrian, Cunningham, and Doan (26). 
Myelocytes A are of the earliest type and represent tlie next stage of 
development after the myeloblast. Myelocytes A include cells with 1 
to 10 specific granules in the cytoplasm. Myelocytes B (Figs. 14, 15) 
have more specific granules than M 5 ’^elocytes A, but do not possess 
their full quota. Myelocytes C (Fig. 16) represent the next stage of 
development in wliich there is the full quota of specific granules in the 
cytoplasm, but the cells still retain their mononuclear characteristics. 

The myelocytes of the chicken’s blood are not only distinguished 
by the number of their specific granules, but also by their cliaracter. 
The granules are almost always round or globular, whereas the fully 
mature cell possesses elongated, rod-shaped granules. Moreover, the 
younger the specific granules are the more intensely they stain with 
neutral red. The mature granules of the adult polymorphonuclear 
cell and of the very late myelocytes stain a yellowish copper color with 
neutral red. The earlier myelocyte granules (Fig. 15) are darker in 
color, staining a brownish red. Mitochondria are readily seen in the 
early myelocytes. They are scattered through the cytoplasm and are 
delicate rods or dots which stain specifically with Janus green. With 
greater accumulation of specific granules, the mitocliondria become 
less conspicuous and sometimes cannot be seen. Myelocytes A are 
are few in number in normal bone marrow. The average value was 
slightly less than 1 per cent of the cells, exclusive of mature erythro- 
cytes. Myelocytes B composed 3.57 per cent. These cells were pres- 
ent in about the same relative proportions as Sabin and Doan (24) 
found them in normal rabbit bone marrow. Myelocytes C were repre- 
sented by 21.02 per cent of the cells, distinctly less than their propor- 
tion in rabbit bone marrow. 
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Pseudo-eosinophilic myelocytes and polymorphonuclear pseudo- 
eosinophiles were only occasionally found in the bone marrow, where 
they constituted one-half of 1 per cent of the cells. They were 
identical with the pseudo-eosinophilic cells of the blood. 

Basophiles . — ^These cells were likewise rare in the bone marrow. 
They, too, were identical with the basophilic cells which were found in 
the blood and have been described in an earlier part of this paper. In 
two of the animals no basophiles were seen in the marrow films. The 
average value for basophiles in the bone marrow was less than 0.2 per 
cent. Sabin and Doan (24) found in rabbits that they constituted 
from 0.29 to 2.02 per cent of the bone marrow cells. 

Monocytes . — About 5 per cent of the parenchymal elements of the 
marrow are monocytes. They are identified by the criteria previously 
given in the section on blood cells, and need no further description 
here. It is not difficult to distinguish them from the early myelocytes 
• because of the larger and more refractive granules of the latter. 

Lymphocytes .- — Contrary to the findings in bone marrow of mam- 
mals, there is a considerable number of small round cells (Fig. 3) in 
every film of bone marrow equivalent to about 25 per cent of the cells. 
They are probably small lymphocytes. It is often difficult in the 
marrow to differentiate these elements from primitive cells and 
thrombocytes. The characteristics which render the distinction easy 
in a thin film of blood are often obscured by the crowding of the cells 
and lack of perfectly uniform staining. 

Uiidi^erentiated Cells (Fig. 13). — ^The early undifferentiated cells of 
the bone marrow I have chosen to group together under one heading 
for the reason that I have not been able to say in numerous instances 
whether given cells were megaloblasts, monoblasts, lymphoblasts, 
myeloblasts, or primitive cells. The problem of sub-classifying these 
“blast” cells in the marrow of the chicken is much more difficult than 
to recognize and classify them when they occur in the blood. The 
reasons are obvious. The staining is not as uniform, the cells are more 
crowded, and one cannot have as an aid the character of the other 
accompanying cells, which aid is often of great value in a study of blood 
films. In the bone marrow, spleen, and lymph nodes of mammals it is 
usually not difficult to segregate the cells into the various types of 
blasts, but I do not believe that there is sufficient e\adence in the 
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chicken for such a rigid , sub-division of the undifferentiated marrow 
cells. This group of blast cells represents about 10.5 per cent of the 
parenchymal elements. They are about the size of myelocytes. The 
nucleus may be central or peripheral and frequently contains a large 
nucleolus. The cytoplasm usually contains no stainable material in 
supravital films. 

Erythrohlasis (Fig. 12).' — Immature red blood cells are separated 
from the mature red corpuscles by their larger and more conspicuous 
nuclei, by the presence of more neutral red bodies in the C3ffoplasm, 
and often by a decreased amount of hemoglobin. The immature red 
corpuscles are frequently less oval and more round than the adult 
forms. The total number of erythroblasts represents about 24 per 
cent of the cells, exclusive of mature red blood cells, and about 11 per 
cent of the total cells present. 

Clasmaiocyies {Macrophages ). — The characteristic by which these 
cells are recognized is dependent largely on their phagocytic proper- 
ties. They engulf leucocytes, red corpuscles, and debris. The 
vacuoles of the living cells stain brilliantly with various shades of red, 
yellow, and brown. These vacuoles increase in size with longer clo- 
sure to the dye, and are not arranged in any definite pattern. The nu- 
cleus is usually round and placed near the center of the cell. The 
shape of macrophages is often irregular. They vary in size, but are 
commonly about the size of monocytes or other large leucocytes. 
These cells constitute about 1 per cent of the marrow elements. 

Osteoclasts (Fig. 17). — The surveys of the bone marrows of four 
chickens reported in this communication show osteoclasts to be present 
in only one. In this animal they represented 0.3 per cent of the 
marrow cells. The ends of the long bones often contain many spicules 
of bone, and in these regions osteoclasts are more numerous than in the 
shafts. They are very large, multinudeated cells. The nuclei do not 
appear to have any definite pattern, but are of about equal size and 
scattered through the cytoplasm. The cytoplasm often contains 
considerable numbers of vacuoles or granules which are quite homo- 
geneously distributed throughout the cytoplasm and may tend to 
obscure the nuclei. These vacuoles stain brown with neutral red. 

Thrombocytes have not been observed in the marrow of the long 



CIATTDE E. rORKNEB. 


139 


bones of these chickens. Their origin is, obscure and work is now 
in progress to determine more about the life history of these elements. 

SUMMARY AND CONCLUSIONS 

1. A simple, direct method of counting leucocytes of the fowl is 
described. 

2. Twenty-nine complete, morphological studies of the blood of 
eleven domestic fowls are recorded. 

3. The characteristics of the cells found in the blood and bone mar- 
row are described in detail and their relative numbers reported. 

4. The supravital technique, using neutral red and Janus green, 
enables one to separate and classify accurately the confusing cells 
of the blood and bone marrow. 

5. These studies provide a basis for future experimental studies on 
the blood and bone marrow cells of the fowl. 
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EXPLANATION OF PLATE 6 

Fig. 1. T 3 pical polymorphonuclear eosinophile with rods from peripheral 
blood. Stained with neutral red. 

Fig. 2. Pseudo-eosinophile from peripheral blood of domestic fowl. This cell 
is slightly larger than the typical pseudo-eosinophile. Stained with neutral red 
and Janus green. 

Fig. 3. Small, round cell of bone marrow of the domestic fowl, probably a 
l 3 Tnphocyte. 

Fig. 4. Basophilic leucocyte of the peripheral blood. Note that the granules 
var 3 ' somewhat in their aflSnity for neutral red. 
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Fig. 5. Monocyte of the peripheral blood. Mitochondria stained with Janus 
green and segregation bodies stained with neutral red. Note the tendency for 
grouping of neutral red bodies about the centrosphere, a conunon, but not invari- 
able characteristic of these cells. 

Fig. 6. Large lymphocyte from peripheral blood. Stained with neutral red 
and Janus green. There were no neutral red bodies in this cell, a fairly common 
finding. Mitochondria are large. 

Fig. 7. Two thrombocytes grouped together in the peripheral blood. No 
mitochondria were seen in these cells, but there were numerous neutral red 
vacuoles. Stained with neutral red and Janus green. 

Fig. 8. A degenerating red blood corpuscle of peripheral blood. Note the 
absence of hemoglobin, but the preservation of the cellular membrane. A few 
refractive, unstained bodies are near or on the nucleus. These cells have been 
confused with thrombocytes. Compare with Figs. 7 and 9. 

Fig. 9. Two thrombocytes of peripheral blood. Mitochondria are more 
conspicuous than in the usual thrombocyte. A neutral red vacuole has begun 
to develop. Stained with neutral red and Janus green. 

Fig. 10, Intermediate lymphocyte of peripheral blood. Slightly larger than a 
small lymphocyte. Stained with neutral red and Janus green. Two small 
neutral red bodies are present. 

Fig. 11. Typical erythrocyte of peripheral blood. 

Fig. 12. Erythroblast from the bone marrow. Note the smaller amount of 
hemoglobin than in the mature erythrocyte. 

Fig. 13. An undifferentiated cell of the bone marrow. This cell has an eccentric 
nucleus. Many of them have nuclei in the center of the cell. Neuteal red and 
Janus green stain. 

Fig. 14. A myelocyte “B” of the bone marrow. Specific gramdes are refractive 
and round. Stained with neutral red. Mitochondria are often abundant, but 
are not shown in this drawing. 

Fig. 15. Myelocyte “B” of a somewhat earlier stage than that shown in Fig. 14. 
Specific granules vary considerably in size and take a somewhat deeper color 
than in the later myelocytes. Stained with neutral red. 

Fig. 16. Myelocyte “C” of bone marrow. Some of the specific granules are 
beginning to assume the color and shape of those of the fully mature pol)mior- 
phonudear eosinophile shown in Fig. 1 . Neutral red stain. 

Fig. 17. Osteoclast of the bone marrow. Nuclei are round and almost ob- 
scured by the neutral red bodies. 
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THE ROLE OF CARBOHYDRATES IN BIOLOGICAL OXIDA- 
TIONS AND REDUCTIONS. EXPERIMENTS 
'WITH PNEUMOCOCCUS 

ren£ DUBOS, Ph.D. 

(From the Hospital of The Rockefeller Institute for Medical Research) 
(Received for publication, June 4, 1929) 

INTRODUCTION 

When repeatedly washed in saline solution, living cells lose in a large 
measure their ability to oxidize and to reduce. This fact was estab- 
lished by studies of oxygen consumption and methylene blue reduction 
with muscle tissues and yeasts. It led to the concept that the oxida- 
tion-reduction properties of a tissue or a cell are really due to the oxida- 
tion-reduction properties of certain metabolites after they have be- 
come “activated” by the tissue or ceil under consideration. 

The analysis of^phenomena of this nature in bacterial systems was apparently 
begun by Harden and Zilva (1) in 1915. They found that washed cells of B. coli 
which reduce methylene blue only very slowly, reduce the same dye very rapidly 
in the presence of various substances. This work was much extended by Quastel 
and his associates (2) who referred to the washed cells as “resting bacteria.” 
"Resting bacteria are simply bacteria in a state of non-proliferation and may be 
investigated in a manner similar to enzyme or catalytic systems.” Working 
with B. coli, B. pyocyanetis and B. alkaligenes, they found that these organisms 
can activate the reduction of methylene blue by certain sugars, amino acids, and 
fatty acids (especially formic, lactic and succinic). B. coli was found to have an 
even wider range of activating action than muscle, 56 substances out of 103 
studied being “activated” in this manner. Quastel (3) suggested that the process 
of “activation” consists in a polarkation of the substrate molecules at particular 
regions or centers on the surface structures (interfaces) of the cell 

In 1914, Cole (4) investigated the mechanism of the reaction whereby Pneu- 
mococci transform hemoglobin into methemoglobin. The reaction does not 
occur when hemoglobin is added to an emulsion of washed cells in salt solution. 
However, if minute traces of dextrose (or a number of other organic subkanccs) 
be added to such a mixture, the reaction quickly occurs; it is alwaj's conditioned 
by the presence of o.wgen. Avery and Neill (5) have described a large number of 
other oxidation-reduction processes exhibited by Pneumococcus cultures; amongst 
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which we shall consider in our studies the reduction of methylene blue and the 
formation of peroxide. The fact that these processes have the same optimum and 
limiting condition (temperature, pH, etc.,) suggests that they are brought about 
by one and the same S5'stem. They are exhibited not only by the whole intact 
cells, but also by sterile extracts of these cells prepared under proper conditions. 
They can also proceed under conditions of pH and temperature which do not 
permit active growth. As in tlie case of muscle, yeast and B. coU, the washed 
cells of Pneumococcus are unable to reduce, to consume oxygen, or to form pero.x- 
ide. However, the oxidative-reductive properties can be restored by the addition 
to the washed cells of the cell washings, and of aqueous or alcoholic extracts of 
muscle, yeast and vegetable tissues. The oxidation-reduction system of the 
Pneumococcus cell therefore appears to consist of at least two components: 1) 
the heat stable component, just referred to, which can be readily washed out of the 
cell and is not necessarily of Pneumococcus origin. 2) a labile cellular compon- 
ent, not removed by washing, inactivated by 10 minutes heating at 65°C. 

In the experiments to be presented here, we have . attempted to 
analyze further tlie mechanism of bacterial oxidations and reductions 
and to establish new reactions of physiological significance. This 
report is limited to the influence of carbohydrates, especially glucose, 
as these substances appear to be of primary importance in the phe- 
nomena of growtii. Although most of the work has been done with 
Pnemnococcus cells, it is hoped that the facts established will prove to 
be of a more general significance in an understanding of cellular 
physiology. , 

EXPERIMENTAL 
Experimental Methods 

1. Bacteriological . — The experiments have been carried out with 3 strains of 
Pneumococcus: Type I (1/219/4), T>'pe HI (A/66/73) and an R cell derived 
from Type II (D/39/R). The results obtained apply to all 3 strains; for the sake 
of simplicity, all protocols refer to strain D/39/R. 

Unless otherwise stated, very young cultures (6 hours old) were used in the tests; 
these cultures were obtained by seeding 2 cc. of a young culture into 150 cc. of 
meat infusion broth containing 1 per cent Witte’s peptone and 0.03 per cent dex- 
trose. The cells were separated from the medium and washed in physiological salt 
solution by centrifugalization (30 minutes — about 3000 rotations per minute). ^ 

By “sugar free meat infusion,” we understand beef infusion prepared according 
to the standard method and from which the sugars have been removed by grow- 
ing Pneumococcus in the infusion and filtering out the cells. 

2. Chemical.— Ml the tests were performed in phosphate buffer solutions 
(0.03 molar) at pH 8.0. 
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The dye solutions were prepared as described in an earlier paper (6). 

The following substances were used as source of oxidized thiol groups; a) glu- 
tathione (in the form of meat infusion); b) saturated cystine solution at pH 8.0; 
c) a product obtained by the auto-oxidation of thioglycoUic acid (Eastman) in 
the presence of air, with sodium nitroprusside as a catalyst (in dilute ammonia 
solution) ; we shall refer to the last product as “oxidized thioglycoUic acid” without 
attaching to this expression any real meaning concerning the exact nature of the 
compound. 

The reduction experiments were carried out in Noguchi tubes under a vaseline 
seal of 2 inches thickness, at room temperature (hbout 20°C.). The nitroprusside 
test was used to detect the presence of reduced thiol groups. The formation of 
peroxide was tested by transferring 10 cc. of the systems imder consideration to 
150 cc. Erlenmeyer flasks which were incubated at room temperature; the titanium 
sulphate test was used for detecting the peroxide present. 


TABLE I 

Reduction of Methylene BUte by Pneumococcus Cultures at Different 
Periods of Growth 


Ko. of hours after inoculation at 
which samples were taken 

'lime required for the reduction of 0.2 cc. 

blue by 5 cc. culture 

of 0.0025 H methylene 




Plain broth culture 

Glucose broth culture 

1 hour 


6 hours 


6 hours 


3 hours 


4 

« 


3 

i( 


4 “ 

30 minutes 

2 

u 

20 minutes 

1 

u 

S minutes 

6 “ 


2 

« 

10 “ 

0 

<c 

30 “ 

7 “ 

30 minutes 

4 

« 


0 

(r 

25 “ 

12 “ 


8 



0 

(( 

30 “ 

24 “ 


18 

(( 


2 

(( 

10 “ 


The Reduction of Methylene Blue by Pneumococcus Cultures 

When one attempts to determine the “reducing power” of a Pneumo- 
coccus culture, it is found that even rader the same conditions of 
temperature and reaction, the rate of reduction of methylene blue 
varies a great deal, according to the composition of the medium and the 
age of the culture. 

Experiment 1. ^Two flasks, each containing 150 cc. of plain broth, were seeded 
with 2 cc. of a young culture of Pneumococcus. One of the flasks received in addi- 
tion 0.1 per cent glucose. The two flasks were incubated at 37“C. and samples 
vere removed after l,3,4i,6, / i,12 and 24 hours incubation. The reaction of these 
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samples was adjusted to pH 8.0 with NaOH and a reduction test was set up with 
0.2 cc. of 0.025 M methylene blue. The times required for reduction are given in 
Table!. 

Although no bacterial counts were made, the turbidity of the cul- 
tures indicated that the maximum growth was obtained after 6-8 hours 
incubation. The fact that during the early periods of incubation, the 
dye was more rapidly reduced in the glucose broth culture than in the 
plain broth culture may be accounted for by the more rapid multipli- 
cation of the organisms in the former medium. But the rapid decrease 
of the 'deduction power” of the plain broth culture as compared with 
its constancy in the glucose broth culture cannot be attributed to the 
difference in the number of cells, for it is known that the number of R 
cells of Pneumococcus remain constant for at least 24 hours in plain 
broth cultures, while the same organisms begin to die off more rapidly 
in glucose broth. It appeared, therefore, that the constituents of the 
medium played an important role in the reducing power of the culture. 
This is sho^vn by Experiment 2. 

Experimcnl 2 . — Flasks containing ISO cc. of plain broth were seeded with 1.25 
cc. of a young D/39/R culture. 10 cc. samples were taken at different times after 
inoculation, and adjusted to pH 8.0. In each case, 2 samples received 0.1 cc. of a 
1 per cent glucose solution and 2 were kept as control, one of the duplicate tubes 
in each series was placed in a bath of boiling water for 2 minutes. 2 cc. of 0.0025 
M methylene blue was then added to each one of the tubes. The time required 
for reduction of the dye is given in Table II. 

A number of conclusions can be drawn from tins experiment; a) the 
addition of small amounts of glucose to Pneumococcus cultures brings 
about a more rapid reduction of the methylene blue; b) the decrease in 
the reduction power of a plain broth culture after the sixth hour of 
growth is probably due to the disappearance of the small amount of 
sugar originally present in the broth; c) the ability of the glucose to 
reduce methylene blue is probably due to some cellular factor, since 
it reaches its maximum at the time when the growth is maximum; d) 
this factor slowly loses its power as the culture ages. 

It is known that oxidized methylene blue is bacteriostatic for Pneu- 
mococcus (7) ; this and the fact that the reduction of the dye occurs so 
rapidly (12 minutes) is an indication that the phenomenon of reduction 
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is not associated with a proliferation of the cells. The experiments with 
washed cells serve to demonstrate this point. 

TABLE n 


The Effect of Healing, Age of the Culture, and Addition of 0.1 cc. of 1 Per Cent 
Glucose on the Velocity of Reduction of O.Z cc. of 0.0025 jv 
Methylene Blue by Pneumococcus Cultures {10 cc.) 


No. of tours 

after inoculation at vrhicli 
sample V7as taken 

No. of cells 
per cc. 
of culture 

Time required for reduction by: 

Culture 

Heated 

culture 

Culture + 
dextrose 

i Heated 

1 culture 
4* 

dextrose 

0.1 cc. 
of 1 per 
cent 
dextrose 

1 hour 

10^ 

12 hrs. 

i -* 

12 hrs. 

... 


2 hours 

10’ 

9hrs. 

— 

9 hrs. 



3 " 30 minutes 

10’ 

2 hrs. 

— 

2 hrs. 

— 1 




15 min. 


IS min. 

! 


S " 1 

10’ 

55 min. 


45 min. 



6 “ 30 minutes 

10’ 

12 min. 

— 

10 min. 

— 


8 “ 

10>«t 

44 min. 

— 

13 min. 

— 


10 " 

lO'^t I 

2 hrs. 

— 

15 min. 

~ 




30 min. j 





12 " 30 minutes 

lO'^t 

6 hrs. 

— 

17 min. 

— ' 


23 “ 

10’ 

16 hrs. ' 

*“ ! 

27 min. j 

1 


26 “ 

10’ 

— 

— 

45 min. 

— 


30 " 

10’ 

— 


48 min. 

— 


47 “ 

w 

— 

— 

6 hrs. 

— 



• The sign — indicates that the dye was not reduced after 24 hours. The 
heated cultures, however, showed some reduction at that time. This reduction 
was of the same order as that exhibited by sterile media, (6) and need not interest 
us here. 

t The apparent increase in numbers observed after the 8th hour of incubation 
is probably due to the breaking up of the Pneumococcus chains 

The Reduction of Methylene Blue by Washed Cells of Pneumococcus; 

Its Activation by Meat Infusion 

Experiment 3. A young culture of D/39/R in plain broth was centrifuglized, 
and the cells washed 7 times in saline. A sample corresponding to 15 cc. of culture 
was taken following each washing, and the ability of the washed cells to reduce 
methylene blue was tested in the absence and in the presence of glucose. 

This experiment demonstrates that cells washed free of metaboh'tes 
are unable to reduce methylene blue; however, they do reduce it rapidly 
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in the presence of glucose; the partial reduction obtained with the 
unwashed cells without further addition of sugar is to be traced to the 
metabolites associated with the cells and which are removed by re- 
peated washings. It is also evident that, as the washings are repeated, 
the cells progressively lose their ability to reduce in the presence of 


TABLE in 

The Reduction of Methylene Blue (0.1 cc. of 0.005 .v) by Washed Cells of Pneumococcus 


1 

No. of washings 

Time required for complete reduction 

No glucose 

0.2 cc. of O.OOS u glucose 

Of i 

* 1 

2 minutes 

n 1 

— i 

5 “ 

2 

— 

9 “ 

3 

— 

16 “ 

4 

— 

29 “ 

5 

— 

40 “ 

0 

7 

— 

— - ' 


* The sign — indicates that the dye was not reduced in 24 hours, 
t The first and second samples of cells showed a partial reduction of the dye in 
24 hours, even without glucose. 


TABLE IV 

Influence of Sugar-free Meat Infusion on the Velocity of Reduction of Methylene Blue 
by Washed Cells of Pneumococcus in the Presence of Glucose- 


Washed cells 

. . 

Methylene i 
blue 0.002 u 

Glucose 1 

0.002 M 

^ Meat 
infusion 

Time required for complete 
reduction 

CC, 

ce. 

CC. ^ 

cc. 


10 

1 

1 

i 

90 minutes 

10 

1 

1 


40 “ 

10 

1 

0 

H 

Reduction only partial after 
24 hours 


glucose. Now, it had been observed in the course of previous experi- 
ments that the presence of sugar-free meat infusion increases the veloc- 
ity of reduction of methylene blue by the Pneumococcus-glucose sys- 
tem, although a system containing washed cells and sugar-free meat 
infusion is unable by itself to bring about any rapid reduction. An 
example of such an action is given in E.xperiment 4. 
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Experiment 4. — A young plain broth culture of Pneumococcus "was centri- 
fugalized and the cells rvashed twice in saline. The washed cells were suspended 
in bu5er pH 8.0 and their reducing power tested with 1 cc. of 0.002 ii methylene 
blue and 1 cc. of 0.002 m glucose— with and without the addition of 0.5 cc. sugar- 
free meat infusion. A tube containing 10 cc. of cells + 0.5 cc. meat infusion -}- 
1 cc. of 0.002 it methylene blue, but no ^ucose, was used as control (Table IV). 

Since sugar-free meat infusion is found to increase the velocity of 
reduction of methylene blue by a system containing Pneumococcus + 
glucose, it appeared possible that the action of the cell on the glucose 
might depend on two factors, one which cannot be removed by washing 
and another present in meat infusion. Experiment 5 bears on this 
point. 


TABLE V 

Influence of Washing the Cells and of the Addition of Meat Infusion on the Reduction 
of Methylene Blue by the Pneumococcus-Glucose System 


Ko, of TrasWngs 

No mtal infusion 

O.S cc. of mtat infusion 

1 



2 


-f 

3 


+ 

4 


+ 

5 

— 

-h 

6 

- 


7 

— 

— 


* The signs + and — indicate that the methylene blue was, or was not completely 
reduced after 24 hours incubation. 


Experiment 5. — ^Young cells of D/39/R were repeatedly washed in saline. 
At each one of the washings, experiments with amounts of cells corresponding to 
10 cc. of culture were made to determine the reduction of 1 cc. of 0.001 ii methylene 
blue by 1 cc. of 0.001 xi glucose in the presence and in the absence of meat infusion 
(Table V). 

The results of Experiment 5 confirm the view that in the mechanism 
responsible for the reduction of methylene blue in the presence of 
glucose there are at least two constituents involved; one present in 
meat infusion, readily washed out of the cells, and heat stable; the 
other persisting in the cell despite repeated washing but eventually 
lost as result of the process. It is not known as yet whether this sec- 
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ond factor is simply washed out, or destroyed following some injury 
caused to the cell in the process of washing. It has been found to be 
heat-labile and completely inactivated by 10 minutes exposure at 55°C. 

Meat infusion is well known to contain reducing substances, and 
it is important to know to what extent methylene blue can be reduced 
by sugar-free meat infusion in the presence of Pneumococcus cells. 

Experiment 6. — Young cells of D/39/R were washed four times in saline, and 
5 cc; amounts were used to determine the comparative reduction of methylene 
blue in the presence of glucose, sugar-free meat infusion, and glucose + meat 
infusion. The details of the experiment are given in Table IT. 


TABLE VI 

The Activation of the Pneuniococcns-Glucose System by Sugar-free Meat Infusion 


Washed 1 
cells 

Glucose 1 

0.001 u 

Meat 

infusion 

Methylene blue (cc. of 0.001 u solutions) 

0.1 

0.2 

m 

0.4 

o.s 



0.8 

0.9 

1.0 


cc* 


I 










5 

0 

0 

=b 

— 

— 

— 

— 


— 

— 

— 

— 

0 

1 

0 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

0 

0 

5 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

5 

1 

0 


±* 

— 

— 

— 

— 

— 

— 

— 

- 

5 

0 

5 

-f- 


db 

— 

— 

— 

— 

— 

— 

— 

5 

1 

5 

+ 

+ 


4- 

+ 

+ 

+ 

+ 

+ 

+ 


* In this table the signs -b and — indicate that the dye had or had not been com- 
pletely reduced in 3 hours. ± indicates that the reduction was complete only 
after 24 hours. 


The results of Experiment 6 demonstrate that the rapid reduction 
of methylene blue by a system containing washed cells -}- meat 
infusion -f glucose cannot be accounted for by the reducing power only 
of anyone of the three components of this system or even by any com- 
bination of two of these components. A rapid reduction of the dye 
requires the presence of all three of them. 

The Existence of a Definite Ratio Between the Amounts of Glucose Used 
and of Methylene Blue Reduced 

• In the course of the reduction which has just been described, the 
methylene blue is reduced and the glucose o.xidized. An attempt has 
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been made to determine tbe relative amounts of tbe two substances 
involved in tbe reaction. However, great difficulties have been en- 
countered in obtaining a constant ratio, although in aU instances the 
reduction of 1 mol of methylene blue required from 0.7 to 1 mol of 
glucose. The following experiment is a typical example of the results 
obtained in such determinations. 

Experiment 7. — ^Young cells of D/39/R were washed once in saline. This was 
found sufficient to rid the cell of practically aU the metabolites they contained. 


TABLE vn 

The Quantitative Relation Between the Amounts of Glucose Used and of 
Methylene Reduced 


Amount 


Methylene 
blue 


Itroe in minutes required for complete reduction of tbe dye in tbe presence 
of the following amounts of 0.001 a glucose solution 



solutions) 

0 

0.1 

0.2 

0.3 

0.4 

0.S 

0.6 

0.7 

o.s 

0,9 

1.0 

CC. 

15.0 

cc, 

1 

— * 








360 

45 

60 

10.0 

1 

— 

; ** 


— 

— 


— 

240 

— 

330 

120 

s.o 

1 


— 

— 

— 



— 

— 

— 

— 

120 

2.S 

1 

— 

— 




— 

— 

— 

— 

— 
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15.0 

0.1 

- 

60 

X* 

X 

X 

X 

X 

X 

X 

X 

X 

10.0 

0.1 

— 

100 

X 

X 

X 

X 

X 

X 

X 

X 

X 

5.0 

0.1 

- 

80 

X 

X 

X 

X 

X 

X 

X 

X 

z 

2.5 

0.1 

— 

120 

X 

X 

X 

X 

X 

X 

X 

X 

X 


* The sign — indicates that the dye was not yet completely reduced after 12 
hours incubation; x indicates that the test was not made. 


Cells washed only once do not need meat infusion to be able to activate glucose. 
Varying amounts of these cells were used with varying concentration of glucose 
and of methylene blue for a reduction test. The details and results of the experi- 
ment are given in Table \TI. 

The results of this experiment demonstrate once again the reduction 
of methylene blue by Pneumococcus in the presence of glucose, and the 
lack of reduction in the absence of the sugar. It will be seen that, 
whereas 2.5 cc. of cells could reduce 1 cc. of the methylene blue solution 
in the presence of glucose, 15 cc. of the washed cells alone could not 
even reduce 0.1 cc. of the same dye solution. It seems true also that 
the ratio of glucose to methylene blue becomes narrower as larger 
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amounts of cells are used for the test; and this, as we have just seen, 
cannot be accounted for by the metabolites present in the cells. The 
change in tlie glucose-metliylene blue ratio might conceivably be due 
to side-reactions wliich become manifest only when larger amounts of 
cells are used. In experiments not reported here, it has been estab- 
lished that the time required for the reduction of 1 cc. of 0.001 
methylene blue is not dependent upon the amount of glucose used, 
when tliis amount is larger than 1 cc. of 0.001 m solution. The fact 
that the reduction vith 0.7, O.S and 0.9 cc. of the glucose solution takes 


TABLE vrn 

Time Required for the Reduction of rH Indicators by the Pneumococcus- 

Glucose System 


Dye 

Amount of cells 

Name 

a 

.9 

a ^ 


20 cc. 

' 10 cc. 

5 cc. 

2.5 cc. 



« 






cc. 






2 chloro indophenol. . 


21. S 

Immediate reduction 

6 minutes 


1 naphthol-2 sulfo- 







nate indophenol. .. 

mm 

18.1 

iC 

(( 



Mctliylene blue 


14.4 

5 minutes 

10 minutes 

15 » 

1 hour 

Indigo tetrasulfonate. 

nQI 

12.5 

16 hrs. 

20 hrs. 

2 days 

2 days 

Indigo trisulfonate. . . 

iWi 

11.3 

2 days 

8 days 

Only partly 

reduced in 






2 weeks 


Indigo disulfonate. . . 


9.9 

2 « 

8 “ 

(f <( 

tt ** 


longer than with 1 cc, is another evidence that we are dealing with at 
least two different reactions. 

In conclusion, it appears that, under the proper conditions, the re- 
duction of one molecule of methylene blue requires one molecule of 
glucose. 

The Reduction of the Indicators of Oxidaiion-reduction Potentials by the 
Pneumococcus-glucose System 

The work of the past few years has indicated that many biological 
systems develop reducing potentials much lower than that of reduced 
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methylene blue. Experiment 8 demonstrates that ■when glucose is 
placed in the presence of Pneumococcus cells, dyes "with a "very low rH 
are also reduced. 

Experiment 8.— A young culture of D/39/R was centrifugalized and the cell 
suspended in buffer at pH 7.8. Amounts of the suspension corresponding to 20-, 
10-, S-, and 2.5 cc. of the original culture were added to solutions of the rH indica- 
tors for a reduction test. Each one of the tubes received ako 0.2 cc. of a 1 per 
cent glucose solution. The time required for the reduction of the dyes is given 
in Table VHI. 

Table VIIE shows; 1) that the time of reduction increases as the 
amount of cell decreases; 2) that the dyes are decolorized in the order 
of the electromotive series; 3) that all dyes tested were reduced. 


• TABLE IX 

Tke Reduction of Thiol Groups by Glucose {0.2 cc. of 1 Per Cent Solution)' in the 
Presence of Cells of Pneumococcus 


K&tuie of tbe oxidized tbiol compounds 

Incubation period (hours) 

1 . . 

24 

48 

72 

96 

Glutathione (5 cc. of meat infusion) 



1 

+ 

-f 

5 cc. of saturated solution of cystine 



-J- 

1 cc. of 0.05 per cent oridized thioglycollic acid 

+* 

++‘ 

++ 

++ 


* In thk table — indicates a negative test for — SH. 

± indicates a doubtful test for — SH. 

-f indicates a positive test for — SH. 

+ -{- indicates a strongly positive test for — SH. 

The Reduction of Thiol Compounds by the Pnewnococcus-Ghicose System 

In view of the importance of glutathione in cellular metabolism 
and of the fact that thiol compounds have been found to be an essential 
component of the media used for the gro-wth of Pneumococcus,^ an 
attempt has been made to find out whether oxidized thiol compounds 
can be reduced by a system consisting of Pneumococcus and glucose. 

Experiment 9. — The set up of the experiment was the same as in Experiment 8, 
except that meat infusion, ej’sUne and oxidized thioglycolUc acid (see Experimen- 


* Unpublished observation. 
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tal Metliods) were used instead of the dyes. The systems were incubated for 
several days, and the presence of reduced thiol groups was tested for by the nitro- 
prusside test. 

Experiment 9 brings out the interesting fact that oxidized thiol 
compounds are reduced by glucose in the presence of Pneumococcus 
cells. This reduction could be obtained with as little as 2.5 cc. of cells. 

T//e Formation of Peroxide by Washed Cells of Pneumococcus in the Pres- 
ence of Glucose and Meat Infusion 

Avery and Neill (5) have conclusively shown that Pneumococcus 
cells, when washed in sahne, lose their ability to form peroxide, but 
regain it in the presence of yeast extract or meat infusion. Their results 
also indicate that the reduction of methylene blue and the formation of 
peroxide are controlled by the same mechanism. It was therefore 
tempting to see if peroxide formation could be obtained with the same 
system (washed cells + sugar-free meat infusion + glucose) which 
proved to be able to reduce methylene blue. 

Experiment 10 . — ^Young cells of D/39/R were repeatedly washed in saline and 
samples taken after the first, third, and fifth washings. Amounts of cells corre- 
sponding to 25 cc. of culture were suspended in 10 cc. of buffer at pH 7.8, and 
glucose and sugar-free meat infusion were added as described in Table X. The 
mixtures were transferred to ISO cc. Erlenmeyer flasks and incubated at room 
temperature. A test for peroxide was made after different periods of- incubation, 
and the results corresponding to 18 hour periods are given in Table X. 

It appears from the results of Experiment 10 that washed cells of 
Pneumococcus can form peroxide when placed in tlie presence of glucose 
and of sugar-free meat infusion under aerobic conditions. However, 
this property is completely lost after the cells have been washed 5 
times. Peroxide formation and methylene blue reduction therefore 
appear as two similar reactions, in which oxygen and methylene blue 
respectively act as hydrogen acceptor. 

The Activity of Carbon Compounds Other than Glimose in the Presence of 
Washed Cells of Pneumococcus 

The reduction of the indophenols, of methylene blue and of the 
indigoes by washed cells of Pneumococcus, has been attempted in the 
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presence of inulin, lactose, saccharose, maltose, dextrose, levulose, 
mannose, arabmose, xylose, ribose, mannite and glycerine. It would 
be too long to report now the results of these stuches. However, it 
may be said that the following substances have been found to be 
the most active (in order of velocity of reduction) : levulose, dextrose, 
galactose, mannose, maltose, lactose. These same substances were also 
found to give rise to the formation of peroxide in the presence of washed 
cells of Pneumococcus under aerobic conditions; the test for peroxide in 

TABLE X 


The Formation of Peroxide by Washed Cells of Pneumococcus in the Presence of 
Glucose and Sugar-free Meat Infusion 


Amount of celU 

Ko. of wasWngs 

Glucose (20 per 
cent solution) 

Meat infusion 

Peroxide 

cc. 


cc. 

cc. 


0 


0.2 

0.5 

— 

25 

1 

0 

0 


25 

1 

0.2 

0 

4 - 

25 

1 

0 

0.5 


25 

1 

0.2 

0.5 


25 

3 

0 

0 

— 

25 

3 

0.2 

0 


25 

3 

0 

0.5 

— 

25 

3 

0.2 

0.5 


25 

5 

0 

0 

— 

25 

5 

0.2 

0 

— 

25 

5 

0 

0.5 

— 

25 

5 

0.2 

0.5 

— 


the same system was doubtful or negative when other compounds 
were used which bring about reduction of the methylene blue only 
slowly or not at all. 


niscussiON 

An interpretation of the facts which have just been presented re- 
quires an understanding of the nature of the interreaction between the 
glucose and the Pneumococcus cell. Is the glucose molecule split into 
reducing products, or does it itself become highly reactive owing to 









156 


CARBOHYDRATES IN BIOLOGICAL OXIDATIONS 


some molecular rearrangement? The determination of the ratio be- 
tween the amounts of glucose used and of methylene blue reduced is 
the first step in the elucidation of this problem. 

As indicated above (Experiment 7), the value of this ratio seems to 
be affected by a number of side reactions, but a ratio very close to I 
can be obtained under proper conditions^ It may be recalled here that 
Quastel has alread}'’ attempted to determine the value of the same 
ratio. He found that, at pH 7.2, a single molecule of glucose donates 
at least 4 (and possibly 6) atoms of hydrogen to methylene blue in the 
presence of B. coli\ galactose was less active and it was impossible to 
state whether this sugar donates more than 2 atoms of hydrogen per 
molecule. The least quantity of formic acid which could accomplish 
complete reduction of methylene blue was the amount to be expected 
if fonnic acid donated 2 atoms of hydrogen per molecule. Now, it is 
perhaps reasonable to assume that B. coli has a wider range of activa- 
tion (in Quastel’s terminology) than Pneumococcus, and that many 
of the products wliich result from the splitting of the glucose molecule 
by the cell become able to reduce methylene blue in the presence of 
B. coli, but not in the presence of Pneumococcus.- This would account 
for the narrow glucose- methylene blue ratio obtained nnth the organ- 
ism first mentioned. 

As a result of these observalions, it appears likely that the first and 
fundamental reaction, in the reduction of methylene blue by the 
Pnemnococcus-glucose system is one in which one molecule of the sugar 
becomes able to cause the reduction of one molecule of the dye, i.e., to 
donate two atoms of hydrogen. 

Nothing is known of the mechanism of the reaction. However, the 
following possibilities may be considered: 

1 . The glucose molecule is split into two fractions, each one donating 
one hydrogen atom. 

2. The glucose molecule undergoes some rearrangement; two of its 
hydrogen atoms becoming “activiated.” Examples of such “activa- 
tion” are not unknown; succinic acid, for instance, although unable to 
reduce methylene blue by itself, does it in the presence of muscle tissue 

- It has been established for instance that succinic acid, which is an e.xcellent 
hydrogen donator in the presence of B. coli is inactive in the presence of Pneu- 
mococcus (unpublished observation). 
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and B. coli and is oxidized to fumaric acid in the course of the process. 
Concerning the hypothetical "activation” of glucose, it may be men- 
tioned here that Aubel, Wurmser, Geloso, and Genevois (8) have ob- 
served the establishment of highly reducing potentials by glucose solu- 
tions at different electrodes. It would not be without bearing on this 
discussion to observe the potentials obtained with sterile glucose solu- 
tions compared with glucose in the presence of Pneumococcus cells. 

3. Whatever may be the nature of the reducing substances formed 
from the glucose, another question remains to be answered. Do the 
glucose derivatives reduce the methylene blue directly, or do they act 
first on some of the cell components which in their turn reduce the 
hydrogen acceptor? 

A knowledge of those constituents of the meat infusion which take 
part in the reaction would also greatly help in an understanding of its 
mechanism. Meat infusion contains autoxidizable substances which 
are able to reduce rH indicators by themselves (6) ; are these substances 
the ones which activate the system consisting of washed cells of Pneu- 
mococcus and glucose? 

This is not a problem of theoretical interest only. The utilization 
of the nutrients in the process of growth is probably dependent upon 
what Quastel calls an "activation” of these nutrients by the cell under 
consideration (2). Is it not possible that the failure of Pneumococcus 
and other feistidious organisms to grow in synthetic media is due partly 
to the inability of these cells to "activate” the metabolites put at their 
disposal? It would be interesting to determine in what measure the 
ability to grow in synthetic media is related to the power of "activa- 
tion” in the absence of meat infusion. 

Experiment 8 indicates that glucose, in the presence of Pneumococ- 
cus cells, is able to reduce rapidly all the rH indicators, including indigo 
disulfonate. The reduction of glutathione by the Pneumococcus- 
glucose system is another evidence that this system can reach very 
negative potentials. Too little is known as yet to appreciate the signi- 
ficance of this reduction; however, its importance is suggested by the 
fact that thiol groups are essential for the growth of Pneumococcus^ 
and that the addition of reduced cysteine to the medium always in- 
creases the rate of gronlh. 

’ Unpublished observations. 
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The formation of peroxide by glucose in the presence of Pneumococ- 
cus cells affords an explanation of Cole’s (4) finding in 1914 that, al- 
though washed cells of Pneumococcus do not change hemoglobin to 
methemoglobin in the presence of air, they do so when traces of dexdrose, 
or of certain other substances are added to the mixture. It is interest- 
ing that the substances which exhibit this property, also form peroxide 
in the presence of Pneumococcus cells. Ribose and inulin which fail 
in this particular are inactive in both instances. Since Avery and Neill 
(5) have shown tliat peroxide and metliemoglobin formation are the 
expressions of the same mechanism, the relation between the presence 
of dextrose and the oxidation of hemoglobin appears evident. 

Finally, it may be proper to point out briefly the significance of 
these observations for the characterization of bacterial cultures by 
their reducing properties. The bacteriological literature offers a great 
number of observations concerning the “reducing power” of different 
species of microorganisms. It is now known that sterile media tliem- 
selves develop potentials corresponding to a great intensity of reduc- 
tion (6, 9, 10); Coulter (11) has recently shown that typhoid bacilli, 
by using up the oxygen in solution in a medium, bring about the 
establisliment of a potential similar to that which would develop 
after deaeration of the same sterile medium. The experiments re- 
ported here indicate that the amount and velocity of reduction of a 
dye in a culture depend largely on the presence of certain metabolites. 
What is, then, the “reducing power” of a tissue and of a culture? Isit 
only an expression of its ability to activate the molecules of the sub- 
strate, or does the protoplasm possess reducing properties of its own, 
determined by its physical and chemical constitution? 

SUMMARY 

The reducing power of plain broth cultures of Pneumococcus is 
largely dependent upon the presence in the medium at the time when 
the reduction test is performed of certain metabolites. 

The washed cells of Pneumococcus are able to reduce the various 
indicators of oxidation-reduction potentials in the presence of glucose. 
The relative velocity of reduction of these indicators is determined by 
the number of cells used in the test, the concentration of the dyes, 
and their position in the oxidation reduction scale. 
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Oxidized thiol compounds (glutathione, cystine, oxidized thiogly- 
collic acid) are likewise rapidly reduced by glucose in the presence of 
washed cells of Pneumococcus. 

This Pneumococcus-glucose system is able to form peroxide under 
aerobic conditions. Those substances which form peroxide in the 
presence of Pneumococcus cells are also the ones which Cole found to 
be active in changing hemoglobin into methemoglobin under the same 
conditions. 

The power of washed cells of Pneumococcus to reduce methylene 
blue in the presence of glucose is dependent on at least 2 constituents: 
one which can be readily removed from the cell by washing. Sugar- 
free meat infusion will function instead of it. The other is inactivated 
more slowly by the process of washing and is destroyed by 10 minutes 
heating at 55°C. 

The interreaction between the glucose and the cell seems to result 
in a fundamental reaction in which one molecule of glucose becomes 
able to reduce rapidly one molecule of methylene blue. The existence 
of side-reactions often obscures this-ratio. 

The significance of these observations is considered in relation 
to the nature and mechanism of the “activation” of metabolites, the 
preparation of synthetic media, the phenomena of growth, and the 
meaning of the expression “reducing power of a bacterial culture.” 

ADDENDUM 

There has just appeared in the Compt. Rend Acad. Science an article 
by R. Wurmser and J. Geloso (12) in which these authors present data 
indicating that, under anaerobic conditions, the glucose molecule 
changes ’to a new form developing a reducing intensity corresponding 
to rH = 8.2 at pH 7. This form seems to give rise to a reversible sys- 
tem of oxidation-reduction, with an rH = 15 corresponding to a mix- 
ture of 50 per cent o.xidant-50 per cent reductant. Even in the 
presence of o.xygen, the rH of this system does not go higher than 24. 
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In a previous communication (1) it was shown that extensive pneu- 
monia associated with unrestrained multiplication of the organisms 
may be produced regularly in guinea pigs by the intratracheal injection 
of sublethal doses of certain toxic autolysates (pneumotoxin) mixed 
with sublethal doses of living pneumococci. Neither the pneumococci 
alone nor the toric autolysate alone produced a comparable condition. 

In the present paper, experiments are reported which demonstrate 
(a) that under certain conditions, anti-autolysate sera prepared in 
rabbits or horses by immunization with sterile filtrates of pneumotoxin 
prevent the development of pneumonia in animals inoculated with 
mixtures of pneumococci and autolysate; (b ) that the protection against 
the development of pneumonia exhibited by these sera is heterologous, 
at least as regards Types I and 11; (c) and that certain anti-pneumo- 
coccus horse sera used in the treatment of pnemnonia in man contain 
either no heterologous pneumonia-preventing antibodies or slight 
amounts only. 


EXPERIMENTAL 
M ellwds 

Immunization of Animals . — ^Rabbits were immunized over a period of 2 or 3 
months by intracutancous, subcutaneous or intravenous injections of sterile 
Bcrkefeld filtrates of the toxic autolysates from either Tj’pe I or Tjpe 11 pneumo- 
cocci, each rabbit being inoculated \vith the autolysate of one tj’pe only. The 
horses were immunized with subcutaneous injections of either mixed autolj-sate 
filtrates from Pneumococcus I, II and III or with mixed autolj’sates and the living 
organisms of all three tj’pcs. The anti-autolj’sate sera from the horses were con- 
centrated and refined by the usual methods and in this form tested for their 
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pneumonia-preventing properties. Normal rabbit or normal horse sera were 
used as serum controls in the work. 

The pneumococcus strains Tj'pes I and II — were the same as those used in our 
previous work. A strain of Pneumococcus III was also used. This was isolated 
from a patient with pneumonia in the Presbyterian Hospital in May, 1928. The 
method of preparing the toxic autolysates has been described in previous papers 
(1, 2). Only those filtrates from Types I, II and III were used which would kill 
guinea pigs within 24 hours in doses of 0.2 cc. when injected intratracheally. 

Young guinea pigs weighing from 190 to 250 gm. were used, and owing to the 
fact that the susceptibilit}’’ to the autolysate usually varies inversely with the 
w'eight of the pig, it was found important to have the animal in each e.xperiment as 
nearly the same weight as possible. 

The injections of serum were given intraperitoneally 14 to 24 hours before the 
intratracheal infecting dose of pneumococci and autolysate. At first, the rabbit 
immune sera were given intraperitoneally 24 hours previous to the intratracheal 
dose of organisms and pneumotoxin, but some of these sera caused the development 
of anaphylactoid reactions immediately after the intratracheal inoculations. In 
later experiments the serum injections were made 14 to 18 hours before the intra- 
tracheal dose and in this waj'' the anaphylactoid reactions were avoided. Our 
anti-pneumotoxic horse sera have never given anaphylactic sensitization, even 
when the sera were given 24 hours before the infecting dose of toxin and pneumo- 
coccus (3). 

Intratracheal Injections . — In carrjdng out the pneumonia preventing tests, the 
proper adjustment of the doses of pneumoto.xin and pneumococcus is essential. 
The dose of pneumococcus used was about one half that which would cause death 
from septicemia when injected intratracheall}' without mixture with autolysate. 
The same principle governs the dose of autolysate used in these experiments. The 
amount employed was one half the quantity necessary to kill a pig of approxi- 
mately the same weight in 24 hours. With experience as to the virulence of the 
culture and the strength of the autolysate, it is comparatively easy to obtain the 
proper amounts of autolysate and pneumococci for these e.xperiments. 

The intratracheal injections were carried out as follows: — An 18-24 hour broth 
culture of the pneumococcus was diluted with broth to the strength desired. This 
tube, containing the diluted pneumococcus culture, was kept in ice water through- 
out the experiment. 

A tube containing the toxic filtrate was chilled, the vaseline seal opened, and 
the filtrate pipetted into a narrow, chilled tube. This tube, containing the toxic 
autolysate, was also kept in ice water throughout the experiment. Just before the 
injection^ 0.2 cc. of the diluted pneumococcus culture and 0.2 cc. of the autolysate 
were pipetted into another iced tube, mixed, and 0.2 cc. of the mixture was 
drawn into an iced syringe and immediately injected intratracheally into a guinea 
pig. A fresh mixture was aIwa 3 '’S prepared for each injection and the same pre- 
cautions as to chilling, etc., were carried out wdth both control preparations con- 
sisting of pneumococcus and broth, and autolysate and broth. 
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Prolective Action of Anti-auiclysale Sera Against the Pneumonia Caused 
by Pneumococci Plus Toxic Filtrates of Homologous Type 

Table I demonstrates the protective action of two preparations of 
concentrated anti-autolysate horse sera against pneumonia caused by 
mixtures of toxic autolysate Type I and living pneumococcus Type I. 

This experiment shows that two pigs injected intraperitoneally with 
1 cc. each of normal horse serum 18 hours previous to the inoculation of 

TABLE I 

A ciion of A nli-auiolysaie Sera in the Prevention of the Pneumonia Caused by 
Pneumococci and Toxic Filtrates of Homologous Type 

Pneumococcus culture Type I; very slight growth. Autolysate from Type I- 
0.2 cc. pneumococcus, Type I culture -{- 0.2 cc. autolysate. 0.2 cc. inoculated 
intratracheaUy; Concentrated autolysate horse 30336. 9/24/28. Concentrated 
autolysate horse 30337. Normal horse serum. 


No. 

Wt. 

Intraperitoneal 
injection 10/1 

Intratracheal injection 
10/2 

Symfv- 

Died or 
survived 

Cultures 

Extent 
of lung 
consoli- 
dation 


Heart 

Lung 

55 

238 


Pn. -f- autolysate 

++-}- 

D. 3 days 

+-h+ 

+-f-+ 

++ 

58 

230 

1 cc. 30336 

Pn. ■+• autolj^te 

0 

S. 

— 

— 

— 

69 

232 

1 cc. 30337 

Pn. -p autolysate 

0 

S. 

— 

— 

— 

61 

226 

— 

Broth -p autolysate 

+ 

s. 

— 

— 

— 

64 

224 

— 

Pn. broth 

0 

s. 

— 

— 

— 

54 


1 cc. normal 
horse serum 

Pn. -f autolysate 

+++ 

D. 2 days 

++ + 

+++ 

-i — 1— f- 

56 

232 

1 cc. 30336 

Pn. autoljsate 

0 

S. 

— 

— 

— 

65 

238 

1 cc. 30337 

Pn. -f- autolysate 

0 

S. 

— 

— 

— 

57 

222 

— 

Broth -r autolysate 

-f -f-f 

S. 

— 

— 

— 

60 

222 

— 

Pn. -f- broth 

0 

S. 


— 

— 


pneumococci and to.xic autolysate died in 2 and 3 days respectively, 
with pneumonia and septicemia; while four pigs previously prepared 
with 1 cc. each of two preparations of concentrated anti-autolysate 
sera remained well. The difference in the appearance of the protected 
and unprotected animals was striking. 18 hours after the intra- 
tracheal inj'ection of pneumococcus and autolysate the two pigs which 
had received the normal serum were severely dyspnoeic and appeared 
extremely sick, while the pigs which had received the anti-autolysate 
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serum had normal respiration and appeared well. The two pigs which 
were injected with the autolysate and broth were dyspnoeic, one being 
desperately sick for 8 days but finally recovering; while the two which 
were injected with the pneumococcus broth culture remained well. 

Serum preparation 30336 was obtained from two horses immunized 
with toxic autolysate filtrates and contained no specific protective 
substances. Serum preparation 30337 was obtained from two horses 
immunized with toxic autolysates and living pneumococci and pro- 
tected Pn. IjlO""*. The question of the importance of pneumococcus 
specific protective properties in these experiments will be considered 
later. 

Prokctive Action of Anti-autolysate Sera on the Pneumonia Caused by 
Pneumococci Plus Toxic Filtrates of a Heterologous Type 

That the pneumonia preventing action of our anti-autolysate sera is 
heterologous as regards pneumococcus Types I and II has been demon- 
strated conclusively many times. These experiments were carried 
out with anti-autolysate sera produced in rabbits by the immunization 
with autolysates of one type only (Type I or Type II). The experi- 
mental pneumonia in eacli instance was caused by the autolysate and 
pneumococci of heterologous strains (Type I or II). Table II demon- 
strates the preventive action of Type I anti-autolysate serum against 
pneumonia caused by pneumococcus and autol 3 ^sate Type II, and is 
self explanatory. The same pneumonia-preventing action has been 
demonstrated for rabbit anti-autolysate Type II sera against the 
pneumonia caused by injections of Pneumococcus I toxin and living 
pneumococcus I. 

These experiments therefore demonstrate that our anti -pneumotoxic 
sera are definitely protective against pneumonias caused by mixtures of 
pneumococci and autolysates of a heterologous strain. 

Action of the Anti-pneumococcus Sera Used in the Treatment of Human 
Pneumonia for the Pneumonia-preventmg 
Heterologous Substances 

In testing the anti-bacterial pneumococcus sera for the presence of 
the pneumonia-preventing substances which have been shown to be 
present in our anti-autolysate sera, it was important to rule out the 
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effect of the specific protective substances wbich all these anti-bacterial 
sera contain. To accomplish this, it was only necessary to test out the 
efficacy of these sera against the pneumonia produced by a pneumo- 
coccus and autolysate from a heterologous strain. 

Table III gives one of our experiments of this kind. It is seen that 
the serum concentrated by the Felton method shows no heterologous 
pneumonia-protective powers; the serum produced by the Zinsser 

TABLE n 

Action of an Anti-autolysate Serum in Preventing Pneumonia Caused by Pneumococci 
Phis Toxic Filtrates of a Heterologous Type 
Pneiunococcus 11 — good growth. Diluted 1-10 with broth Autolysate II. 
0.3 cc. Pn. n dilution -h 0.1 cc. autolysate. 0.2 cc. mixture injected. Controls; 
(a) 0.3 cc. Pn. + 0.1 cc. broth — 0.2 cc. injected, (b) 0.3 cc. broth + 0.1 cc. 
autolysate — 0.2 cc. injected. Rabbit serum 7-54, Anti-autolysate I. 


No. 

Wt. 

Intraperitoncal 
injectioa 5/9 

Intratracheal injection 
S/IO 

Symp- 

Died or 
survived 

Cultures 

Extent 
o{ lUD^ 

toms 

Heart 

Lung 

dation 

10-11 

204 

2 cc. normal 
rab. 

Pneumococcus -P 
autolysate 

+++ 

D. 40hrs. 

+++ 

-P-p-P 

-p-p-p 

8-74 

,202 

2 cc. 7-54 

Pneumococcus -l- 
autolysate 

1 0 

! 




8-88 

204 

2 cc. 7-54 

Pneumococcus -p 
autolysate 

0 

s. 




8-89 

210 

1 

Pneumococcus -p 
autolysate | 

-pH — P; 

D. 40 hrs. 

•P+-P: 

-p-p-p 

-p-p-p 

10-09 

206 


Pneumococcus -p 
autolysate 

-p+-p 

D. 18 his. 

+ 

-p-p-p 

-p-p-p 

8-87 

200 


Broth -p auto- 
lysate 

0 

S. 


— 

— 

lO-OC 

i20C 


Pneumococcus 
and broth 

0 

S. 





method shows a slight amount (protected one of the two pigs injected), 
while the rabbit anti-autolysate serum gives perfect protection. The 
same results were obtained in another experiment carried out in a 
similar way. Still another anti-pneumococcus serum used in treating 
human pneumonia was tested for heterologous pneumonia-preventing 
substances, and proved to be even weaker in these properties than the 
serum produced by the Zinsser method. 
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These experiments demonstrate how poor in heterologous anti- 
pneumonia antibodies the ordinary anti-bacterial pneumococcus sera 
are. The explanation for the complete absence of these antibodies in 
the serum produced by the Felton method is probably to be found in 
its method of preparation, wliich concentrates the specific protective 

TABLE III 

Action of Certain Anti-pneumococcus Sera Used in the Treatment of Human 
Pneumonia in Preventing the Pneumonia Caused by Autolysate and 
Pneumococci of a Heterologous Type 

Pneumococcus Type II; slight growth on broth. Autolysate Type 11. 0.2 cc. 
Pn. culture 0.2 cc. autolysate. 0.2 cc. injected. Controls; Pn. -t- broth and 
autolysate and broth. Sera: Felton’s antibodies I; Zinsser anti-pneumococcus 
serum; Rabbit 7-54; Anti-autolysate I. 


No. 

1 

Wt. 

intrapen’toneal 
injection 3/2 



Died or 
survived 

Cultures 

Extent 
of lunp 


Heart 

Lung 

dation 

7-59 

200 

2 CC. Felton 
antibodies , 

Pn. -p autolysate 

-p++ 


0 

-P 

+-P 

7-77 

Wtlil 

Same 

Pn. -f autolysate 

"1 — P+l 

D. 2 days 

++ 

+ ++I 

-p++ 

7-67 

200 

2 cc. Zinsser 

serum 

Pn. -}- autolysate 

0 

S. 





wiw 

Same 

Pn. -p autolysate 

+++j 



-p-l — P 

-p-p+ 


200. 

2 cc. 7-54 

Pn. -p autolysate 

-P+ 1 



— 

— 

7-66 

200 

2 cc. 7-54 

Pn. -p autolysate 

+ 

S. 


— 

— 

7-69| 

1 

195| 

1 

2 cc. normal 
horse 

Pn. -p autolysate 

-p++ 

D. 18 his. 

I+++ 

-p-p-P 

+++ 

1 

7-75 

200 

2 cc. normal 
rabbit 

Pn. -p autolysate 

-P-P-P 

D. 5 hrs. 

0 

+ 

++ 

7-71i 

190 

— 

Pn. -p autolysate 

-P-P+ 

D. 40 hrs. 

■P++ 

-P-P+ 

-P++ 

7-80 

195 

— 

Broth -p auto- 
lysate 

! + 

S. 




7-74 

190 

— 

Pn. -p broth 

0 

S. 



— . 


bodies in the globulin fraction of the serum and discards that part of 
the serum which contains neutralizing antibodies (the pseudoglobulin 
fraction.) 

It is logical to suppose that a serum containing specific protective 
antibodies, would have a preventive effect by its antibacterial proper- 
ties, on the pneumonia caused by the homologous t3T3e of organism and 
autolysate ; and that this preventive effect would correpond closely to 
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the amounts of specific protective substances which these sera contain. 
This was found to be the case. The serum produced by the Felton 
method, containing 1000 protective units, protected 75 per cent of the 
animals injected; the Zinsser serum protected 50 per cent, and the other 
Anti-pneumococcus I serum only delayed death in one instance. To 
save space, a table giving the details of these experiments is omitted. 

Protective Effect of Normal Rabbit or Horse Serum 

Occasionally normal rabbit serum protects against the pneumonia 
produced by a mixture 'of living pneumococcus and autolysate. We 
believe this to be due to a non-specific reaction induced by the foreign 
serum in a small percentage of the injected pigs (about 8 per cent). 
Horse serum occasionally shows this non-specific protective action. 
Stillman had the same experience in his pneumococcus work in mice. 
He found that normal rabbit serum injected intraperitoneally in mice 
sometimes protected them from pneumococcus infections. These 
rabbit sera contained no pneumococcus specific protective substances 

(4). 

The Content of Pneumococcus Specific Protective Substances in the Anti- 
autolysate Sera 

That the pneumonia-preventing properties of anti-autolysate sera 
are not related to the pneumococcus specific protective substances was 
demonstrated conclusively by the fact that the anti-autolysate sera 
are equally effective against a pneumonia due to the toxin and pneu- 
mococci of either a heterologous or homologous strain. We also ti- 
trated all our rabbit anti-autolysate sera and in no instance did they 
show the presence of specific protective substances for mice. Neither 
were there specific protective substances in horses immunized with the 
autolysate' filtrates, but protective substances for pneumococci Tjqies I 
and II were present in small amoimts in the sera obtained from the 
horses which had been injected with living pneumococcus Types I, H 
and IH, in addition to the autolysates. 

DISCUSSION 

The experiments reported in this paper appear to indicate that under 
certain conditions the sera produced in rabbits or horses by immuniza- 
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tion with Berkefeld filtrates of certain anaerobically produced autoly- 
sates of pneumococcus Type I or 11 protect against the pneumonia 
caused in guinea pigs by the intratracheal injection of mixtures of 
living pneumococci and toxic autolysates. Since the sera contain no 
specific anti-bacterial antibodies, it is evident that their protective 
action must be due to some other form of immune body. The immune 
body present differs also from the specific anti-bacterial bodies in 
that it is apparently identical for both Types I and II of the pneumo- 
cocci and is therefore not type specific. 

Whether this lung-toxic substance is produced in spontaneous 
pneumonia, or in the experimental pneumonia produced by intra- 
tracheal injections of pneumococci alone — as in the dog or monkey — 
is a question which cannot be answered at present. The demonstra- 
tion that a toxic substance of this nature is present in these conditions 
would help to explain some of the obscure features of pneumococcus 
pneumonia in animals and man. 

In the production of curative sera for lobar pneumonia, most of the 
efforts have been devoted to obtaining sera with a high content of 
specific protective antibodies against living organisms, but Cecil and 
Blake (5) have found that the serum of a monkey may be completely 
free of any specific protective substance and yet be highly immune to 
pneumonia. The reverse was also found to occur. A monkey whose 
serum may protect mice against 100 to 1000 m.l.d.'s of pneumococci 
may still be susceptible to the homologous pneumococcus pneumonia. 

In connection with this work, it is also of interest to note that Cecil 
and Blake demonstrated that resistance to experimental pneumonia in 
monkeys is to some degree species specific as regards pneumococci 
Tyqjes I, II and III (6), Stillman (7) has come to the same conclu- 
sion in his work on the production of pneumococcus pneumonia in 
mice by the inhalation method. He found that mice which had been 
rendered immune to one type of pneumococcus (Type 1} by the inhala- 
tion method, may show an increased resistance locally when exposed 
to infection by the same method with organisms of another type 
(Type II). 

CONCLUSIONS 

1. Anti-pneumo toxic sera prepared in rabbits or horses by immuni- 
zation with sterile filtrates of the pneumotoxin, under certain condi- 
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lions protect against the pneumonia caused by the intratracheal 
injections of mixtures of living pneumococci and toxic autolysates. 

2. The protection against the development of pneumonia is heterol- 
ogous, at least as regards Type I, Type II, viz.: an anti-autolysate 
serum prepared by the immunization with a pneumotoxin from one 
type of pneumococcus will prevent the development of pneumonia 
caused by the injection of pneumococci and autolysate from another 
type. 

3. Certain anti-pneumococcus horse sera used in the treatment of 
pneumonia in man, either contain no heterologous pneumonia-prevent- 
ing antibodies or slight amounts only. These sera, however, protect 
against the pneumonia produced by injections of pneumococci and 
pneumotoidn of the homologous strain, the degree of protection 
depending on the amount of specific protective substances such sera 
contain. 

4. Anti-pneumotoxic sera produced in rabbits or horses by the 
injection of sterile Berkefeld filtrates of the toxic autolysates contain 
no pneumococcus specific protective substances. 

BIBLIOGRAPHY 

1. Parker, Julia T., and Pappenheimer, Alwin M.,J. Exp. Med., 1928,48, 695. 

2. Parker, Julia T., J. Exp. Med., 1928,47, 531. 

3. Avery, Oswald T., and TiUett, William S., J. Exp. Med., 1929, 49, 251. 

4. Stillman, E., J. Exp. Med., 1927, 45, 1057. 

5. Cedi, R., and Blake, F., J. Exp. Med., 1920,31, 657. 

Cecil, R., and Steffen, J. Exp. Med., 1921, 34, 235. 

Cecff, R., and Blake, F., J. Exp. Med., 1923,38, 149. 

6. Cecil, R., and Blake, F., /. Exp. Med., 1920,31, 685. 

7. Stillman, E., and Branch, J. Exp. Med., 1924, 40, 733. 




STUDIES ON INFLAMMATION 

I. Fixation or Vital Dyes in Inflamed Areas 
Bv VALY MENKIN,! M.D. 

{From the Henry Phipps Institute, University of Pennsylvania, Philaddphia) 

(Received for publication, May 27, 1929) 

Inflammation involves local physiological changes in the penneability of capil- 
laries, in the rate of blood flow, and perhaps in the normal balance of body fluids. 
Increase of capillary permeability is shown by local edema. With the passage of 
proteins from the plasma into the inflamed area the osmotic relationship between 
tissue fluids and blood plasma is doubtless disturbed. About 30 j’ears ago Adler 
and Meltzer (1) stated that the passage of fluids from tissue spaces into lymphatics 
probably depends on osmosis perhaps assisted to some extent by filtration. Elrogh 

(2) recently pointed out that the passage of proteins from capillaries increases 
the osmotic pressure of the tissue fluids. This change in an inflamed area would 
probably modify the passage of fluid into the regional lymphatics which drain the 
inflamed area. 

The dissemination of foreign substances from the site of injection into the lym- 
phatics and blood stream has been studied by various investigators. Muscatello 

(3) showed that carmine and various other inert particles when injected into the 
peritoneal cavity reach the anterior mediastinal lymph nodes very rapidly. K oet- 
zel (4) injected bacteria (B. pyocyaneus) into the knee joints of rabbits. 5 to 10 
minutes later he was able to demonstrate the presence of the organisms in the 
inguinal, crural, and lumbar IjTnph glands. Buxton (5) found that tjphoid bacilli 
when injected into the peritoneal cavity, appeared in great numbers within a few 
minutes in the blood stream. Wells and Johnstone (6) showed that the absorp- 
tion of bacteria from the peritoneal cavity takes place through IjTnphatic vessek. 

Within recent years evidence has accumulated to show that an inflammatory 
reaction at the site of injection might be a factor in delajdng the passage of for- 
eign substances into the blood stream. Pawiowsky (7) demonstrated that the 
dissemination into the blood stream of staphylococci injected into a previously 
inflamed knee joint was either inhibited or wholly prevented. The studies of 
Issayeff had showed that peritonitis caused by a sterile irritant increased temporar- 
ily the resistance of the animal to subsequent intraperitoncal inoculation of bac- 
teria (8). Opie (9, 10) showed that foreign protein injected into the dermis of an 
immunized animal was fixed at the site of injection; the contact of antigen and 
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antibody at the site of injection causes an acute inflammatory reaction (Arthus 
phenomenon). In normal animals, on the contrary'’, foreign proteins when in- 
jected into the dermis caused little if any inflammatory reaction and readily pene- 
trated into the blood stream. Willis (11) studied the dissemination of tubercle 
bacilli from the site of cutaneous inoculation and showed that in reinfected guinea 
pigs tlie spread of tubercle bacilli from the site of inoculation is retarded, whereas 
in normal animals the organisms pass readily to the regional lymph nodes. Opie 
(12) recently showed that acute inflammation of the peritoneal cavity caused by 
aleuronat retards tlie rush of injected hemolytic streptococci from the peritoneal 
cavity into the circulating blood and after 24 hours completely prevents it. 

The present study was undertaken in order to determine' whether 
various foreign substances passed to tributary lymphatic vessels 
when injected into an inflamed area. At first, substances consisting 
of large particles were used. Nucleated cells from fowl's blood were 
unsuitable for the experiment because they failed to pass into the 
regional lymphatics when injected into normal subcutaneous tissue. 
Bacillus subtilis was tried with the same negative results. It was in 
the course of these preliminary observations that trypan blue was tried. 
This vital dye when injected into the subcutaneous tissue of the ex- 
tensor surface of the fore-leg of a rabbit appeared within 30 to 40 
minutes in the lymphatic vessels of the axilla (13). The tributary 
afferent lymphatic vessels, the lymph node, and the efferent lymphatic 
vessel revealed plainly the presence of the dye. If, however, the dye 
was injected into an area in which an inflammatory reaction had been 
produced some time before, the dye did not appear in the tributary 
lymphatics. The afferent lymphatics, the lymph node, and the effer- 
ent IjTuphatic vessel remained colorless. The dye was evidently 
retained in the inflamed area. 

The Retention of Trypan Blue in Areas of InUammation 

Sterile inflammation was produced by a mixture of 5 per cent of aleuronat and 
3 per cent of starch in 0.5 per cent saline solution. Usually 5 cc. of this solution 
were injected into the subcutaneous tissue of the extensor surface of thefore-leg 
of a rabbit 2 or 3 cm. from the shoulder joint. Either immediately following the 
injection of aleuronat or after varying intervals of time, 3 cc. of a 1 per cent solu- 
tion of trypan blue in saline were injected subcutaneously into the mflamed area. 
The same amount of dye was injected into the other fore-leg to serve as a control. 
The lymph from the efferent lymphatic vessel was collected as recently describe 
by Freund and Whitney (14). To expose the lymphatic the pectoral muscles were 
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incised and the subclavian vein exposed, under ether anesthesia. Alongside and 
somewhatbelow the vein an efferent lymphatic vessel -was seen to emerge from one of 
the aallary lymph nodes. The lymph was drawn by puncturing the efferent lym- 
phatic and introducing a capillary pipette into it. On the normal side the lymph 
thus obtained from the efferent lymphatic was stained with the dye. Varying 
concentration of trypan blue in the lymph was more conspicuous when the capillary 


TABLE I 


ReUnlion nf Trypan Blue at Ike Site of Inflammation 


Rabbit 

No. 

Interval 
between 
injection of 
irritant and 
that of dye 

’^'Duration of 
iniiamination 

Presence of dye on normal 
side 

Presence of dye on inflamed side 

Lymph of efferent 
lymphatic 

Lymph 

node 

Lymph of efferent 
lymphatic 

Lymph node 


hrt.:mins. 

hrs.imins. 





1 

0:00 

1:30 



trace 

trace 

2 

0:00 

2:00 

+ 

+ 

+ 

+ 

3 

0:00 

2:20 


trace 


faint trace 

' 4 

0:30 

3:30 

+ 

+ 

0 

1 0 

5 

1:00 

3:40 

+-i- 

d — h 

0 

0 

6 

2:10 

4:30 

4- 

+ 

0 

0 

7 

4:00 

6:00 

+ 

+ 

0 

0 

8 

19:00 

20:30 



0 

0 

9 

19:30 

20:30 

++ 

++ 

0 

0 

10 

20:30 

23:00 

+ 

+ 

faint trace 

0 

11 

22:00 

23:00 

4-f 

+ + 

0 

faint trace 

12 

22:30 

23:00 

+ 


0 

0 

13 

22:30 

23:30 

-h 

+ 

0 

0 

14 

23:30 

28:30 

+ 

+ 

0 

0 

IS 

24:00 

25:30 


+ 

faint trace 

trace 

16 

25:00 

26:00 

+-l- 

“i — h 

faint trace 

trace 

17 

25:00 

26:00 

faint trace 


0 


18 

26:00 

27:00 

++ 

++ 

trace 

4“ 

19 

46:00 

47:30 

•V++ 

4-++ 

0 ‘ 

0 

20 

46:15 

48:00 

+ 

++ 

trace 

0 

21 

46:15 

48:15 

+ 

++ 

0 

faint trace 


pipettes containing hmph were held against a white background. The axillary 
Ijmph nodes were exposed and removed in order to determine if they were stained 
by the dj’c. 

The results of this series of e.xperiments appear in Table I. A 
colorless lyroph is indicated by zero; a distinctly blue color by one 
plus (+); a dark blue color by two plus signs (++); and a bluish- 
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black color by three plus signs (+ + +). “Trace” or “faint trace” of 
blue refers to barely perceptible staining of lymph or lymph nodes. 

When trypan blue was injected in both fore-legs of the animal im- 
mediately after the inflammatory irritant, the passage of the dye 
occurred in both the normal and inflamed side with about equal in- 
tensity, but in Rabbit 1 the concentration of the dye was less on the 
inflamed side. If, however, the dye was injected only 30 minutes 
after the irritant (Rabbit 4), trypan blue did not pass either into the 
lymph node or its efferent^ lymphatic vessel on the inflamed side. 
Evidently the fixation or retention of the dye in an inflamed area 
occurs very early and is seen at least 30 minutes after the onset of 
inflammation. The fixation of the dye at the site of inflammation 
was proven not merely by the absence of pigment in the tributary 
lymph node but by its failure to appear in the lymph from the afferent 
lymphatic vessels on the inflamed side and its presence on the normal 
side in four rabbits. L3mph was in most instances obtained 1 to 2 
hours after the injection of the dye. In one animal (Rabbit 14) in 
which the lymph was collected after 5 hours the result was the same, 
i.e., fixation of the dye in the inflamed area. 

The Accwmilalion of Trypan Bine in Inflamed Areas 

Since trypan blue tends to remain in situ when injected directly 
into the inflamed area, the attempt was made, at the suggestion of 
Dr. Eugene L. Opie, to determine whether the dye injected into the 
blood stream would accumulate at the site of inflammation. 

A few years ago Lewis (IS) found that if the cornea of a rabbit is inoculated with 
a living culture of the tubercle bacillus, a progressive lesion results characterized 
by an intense congestion of the conjunctiva. 24 hours or more after such an in- 
oculation, if the animal is injected intravenousl}'- with trypan red, the fluid in the 
anterior chamber of the inoculated eye always becomes colored. He also found 
that an intense conjunctivitis occurs when abrin is dropped in the eye. Here 
again, when trypan red or trypan blue is injected intravenously at different stages 
of this inflammation, the dye appears rapidly in the anterior chamber and in the 
edematous conjunctiva. Ramsdell (16) injected trypan blue into the veins of 
rabbits and guinea pigs previously treated with foreign serum and found that 
injection of the same serum into the skin of the ear, immediately caused local 
infiltration of the dye into the adjacent tissue. She regarded this infiltration of 
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the dye as an indicator of edematous changes resulting from toxic injury to the 
capillary endothelium. 

Okimefi (17) found that the application of a thermal irritant favors the pas- 
sage of vital stains from the blood stream into the area heated. Kusnetzowsky 
(18) also observed that the local application to the skin of an irritant such as 
heat or mustard oil causes an accumulation of trypan blue in the inflamed area 
when the dye has been previously injected into the blood stream. He found the 
dye to be concentrated both in the celk of the connective tissue and especially in 
the histiocytes. 

An in flamma tion was produced by injection of aleuronat into the 
subcutaneous tissue of the fore-leg of a rabbit. A 1 per cent solution 
of trypan blue was injected intravenously in varying quantities ranging 
from 5 to 10 cc. In three rabbits the dye was injected intravenously 
immediately after injection of the inflammatory irritant into the 
fore-leg. In the remaining experiments the dye was injected at vari- 
ous intervals of time after the inflammatory irritant. When the in- 
flammatory reaction had proceeded for varying periods of time, as 
shown in Table II, the area of inflammation and the tributary lymph 
node were exposed and compared with the corresponding normal areas 
on the opposite fore-leg to determine the presence of trypan blue. 
Even when the dye was injected intravenously immediately after 
the local injection of irritant, there was a greater accumulation of try- 
pan blue in the inflamed area than in the corresponding normal area. 
On the inflamed side, not merely the deep fascia was more intensely 
stained by the dye but the muscle tissue as well. The time element 
in the appearance of the dye in the lymph node on the inflamed side 
was noteworthy. When the dye was injected immediately after the 
irritant, the dye appeared in the lymph node in large amounts; but 
if the dye was injected only hours after the inflammatory irritant 
(Rabbit 25, Table II), less of it seemed to reach the lymph node of the 
inflamed than that of the normal side. The longer the interval of 
time between the injection of the irritant and that of the dye, the more 
efficient appeared to be the retention of trypan blue by the inflamed 
area, and consequently less of the dye diflused to the tributary lymph 
node. 

A scries of experiments was performed in wliich the inflammatory 
irritant used was broth (concentrated to 1/14 of its original volume) 
and injected into the dermis of the abdomen. The dosages ranged 
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from 0.1 cc. to 0.5 cc. After varying intervals of time, 5 to 10 cc. 
of 1 per cent trypan blue were injected intravenously. In some rab- 
bits the dye was injected immediately after the intracutaneous in- 
jection of broth. Witliin usually less than 1 hour after introduction of 
the dye the small inflamed areas of the dermis appeared intensely blue 
and generally stood out prominently on the surface of the abdomen. 
A few experiments were repeated with bacteria acting as the inflamma- 

TABLE II 


Acamulation of TryPan Blue in Inflammatory Areas 


Rabbit 

No. 

Interval of 
time between 

Duration of 
inflammation 

Presence of dye 

; on normal side 

Presence of dye on inflamed 
side 

injection of 
irritant and 
that of dye 

Normal area 
corresponding to 
area of inflam- 
mation 

Lymph node 

InHamcd 
area ■» 

Lymph node 

22 

hrs.;mins. 

0:00 


trace 

+ 

-I — h 

trace 

23 

0:00 

3:20 

trace 

+ + 

+++ 

++ 

24 

0:00 

mmm 

+ 

trace 

+++ 

++ 

25 

1:30 

mmm 

trace 

+-h+ 

+■+• 

+ 

26 

2:30 


trace 

+ + 

++ 

+ 

27 

4:00 

6:30 

faint trace 

0 

H — 1'+ 

0 

28 

4:30 

6:30 

trace 

trace 

+++ 

faint trace 

29 

4:30 

24:00 

+ 


+++ 

+ 

30 

5:45 

7:00 

0 

faint trace 

+++ 

faint trace 

31 

19:00 

20:00 

trace 

H — h 

+++ 

faint trace 

32 

20:45 

21:30 

+ 

faint trace 

+++ 

trace 

33 

21:05 

22:00 

faint trace 

0 

+++ 

0 

34 

24:00 

47:00 

0 


+ 

0 

35 

45:45 

47:30 

faint trace 

++ 

++ 

faint trace 

36 

45:50 

47:00 

faint trace 

trace 

-1-+ 

trace 


tory irritant. 0.1 cc. of a saline suspension of Staphylococcus aureus 
was injected into the dermis of the abdomen followed a few hours 
later by intravenous injection of trypan blue. Within a relatively 
short time the tissues in the site of inflammation appeared markedly 
stained. In many cases these areas showed a pale reddish central 
zone surrounded by an intensely dark blue band measuring about 0.5 
cm. in width. The localization of intravenously injected trypan blue 
in inflamed areas of the dermis was evident in 32 out of 36 experiments. 
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Ilabbit 

Duration of 
infiamma-Uon 

I No. of mflamed areas 
oa abdomeix 

I No. of eipcrimcats in 
which inflamed areas 
were stained blue by the 
fixation of trjpan blue 

33 

hrs.:mins^ 

0:38 

4 

4 

31 

0:45 

2 

2 

22 

1:15 

4 

4 

37 ' 

1:00 to 3:30 

6 

6 

26 

1.-30 to 4:30 

5 

3 

25 

3:00 

3 

3 

38 

4:00 

4 ! 

4 

34 (aleuro- 
nat) 

6:30 

5 

4 

39 

21:05 

3 

2 


The ceatral zone which has a red congested appearance and which 
is often seen in these intracutaneous areas of inflammation is perhaps 
due to thrombosis of small vessels. Histological sections of such areas 
reveal some thrombosed vessels with acute inflammatory changes 
in the surrounding tissue. 

The Fixation of Trypan Blue hy an hiilanwtatory Reaction in the 

Peritoneal Cavity 

It is well known that the retrosternal lymph nodes of the anterior 
mediastinum drain the peritoneal cavity. Years ago MuscateUo (3) 
pointed out that carmine and various inert particles injected intra- 
peritoneally into dogs reach the anterior mediastinal lymph nodes 
very rapidly. Okuneff (19) recently pointed out that certain sub- 
stances injected intraperitoneally such as animal charcoal, casein or 
gelatine delaj’’ the absorption into the blood stream of trypan blue 
when the dye is injected in the abdominal cavity either simultaneously 
or within thirty minutes after the injection of thes.e substances. The 
mechanism involved was thought to be an adsorption of the dye 
by these substances. As already mentioned Opie (12) has recently 
reported e.\periments in which hemolytic streptococci, injected 
into fte peritoneal cavity of rabbits, appeared rvithin 10 minutes in 
the blood stream. If 24 hours prior to the injection of these bacteria a 
stcnle inflammator}' imtant, such as aleuronat, had been injected into 
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the peritoneal cavity, the organisms were prevented from reaching the 
blood stream. In view of this interesting study, trypan blue was 
injected into the peritoneal cavity of normal rabbits and into that of 
animals wliich had previously received an intraperitoneal injection of 
aleuronat. 

About a ha.lf hour after the injection of the dye into the peritoneal 
cavity of normal rabbits, the pigment was found in the l3miph of the 
retrosternal lymphatics. The retrosternal lymph nodes also appeared 

TABLE m 


Retention of Trypan Blue by Inflammation in the Peritoneal Cavity 


Experiment 

Interval of lime 
between injection 
of irritant and 
that of dye 

Duration of 

Presence of dye in the retrosternal 
IjTnph nodes 

inflammation 

Injected trypan 
blue controls 

Animals with 
peritoneal 
inflammation 

1 

hrs.:mins. 

0:00 

hrs. :mins. 

0:34 

-I — h 

+ + 

2 

2:00 

2:33 1 

+ + 

+ 

3 

5:08 

6:00 

+ + 

0 

4 

22:45 

28:00 

+ + + 

trace 

5 (Neutral 
red) 

23:00 

24:00 

+ + 

0 

6 

23:10 

49:00 

H — 1 — h 

+ + 

7 

24:00 

25:40 

++ + 

trace to + 

8 

24:00 

29:00 

-1 — 1 — h 

trace 

9 

27:30 

29:20 

+++ 

faint trace 

10 

27:55 

30:00 

+d-+ 

+ 


deeply stained with the dye. The peritoneal cavity was stained only 
moderately. However, when trypan blue was injected into the in- 
flamed peritoneal cavity, the retrosternal lymphatics and the retro- 
sternal lymph nodes either failed to show the presence of the dye or 
occasionally showed it only in traces. The peritoneal cavity was 
much more deeply stained than in normal animals. Clumps or pre- 
cipitates of the dye were conspicuous on the omentum and on the 
peritoneal surface of the diaphragm. 

The amount of aleuronat used was either 5 cc. or 10 cc. The dye 
was injected immediately after the irritant or else after varying in- 
tervals of time. Usually 5 cc. of 1 per cent trypan blue were injected 
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intraperitoneally. After varjdng periods of time the retrosternal 
lymph nodes of normal and injected animals were examined for the 
presence of the dye. The results ate shown in Table HI. When 
the dye was injected immediately after the irritant, the retrosternal 
lymph nodes of normal animals and of those with an inflamed peri- 
toneal cavity were equally colored by the dye (Experiment 1). K, 
however, the inflammation had been in progress as long as 2 horns 
when the dye was injected, the appearance of trypan blue in the retro- 
sternal lymph nodes was conspicuously less than in the lymph nodes 
of the control animal. The dye is evidently prevented from leaving 
the peritoneal cavity by the inflammatory reaction. This fixation 
of dye is analogous to that of hemolytic streptococci observed by 
Opie (12). 

CONCLUSIONS 

Trypan blue injected into normal subcutaneous tissue passes rapidly 
to the regional lymphatic node and is found in lymph drawn from its 
efferent lymphatic. 

When the dye is injected into the normal peritoneal cavity it rapidly 
appears in the lymph of the retrosternal lymphatics and stains deeply 
the retrosternal lymphatic nodes. 

Trypan blue injected into the site of inflammation in the subcuta- 
neous tissue or in the peritoneal cavity is fixed in the inflamed area and 
fails to reach the regional lymphatic nodes. 

If an inflammatory reaction has been produced in the dermis or in 
the subcutaneous tissue, trypan blue injected into the circulating 
blood enters the site of inflammation and is fixed so that the tissues 
are deeply stained. 
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OBSERVATIONS CONCERNING THE PERSISTENCE OF 
LIVING CELLS IN MAITLAND’S MEDIUIM FOR 
THE CULTIVATION OF VACCINE VIRUS 

Bv T. M. RIVERS, M.D., E. HAAGEN, M.D., a-sd R. S. MUCKENFUSS, M.D. 
{Prom the 'Hospital oj The Rockefeller Institute for Medical Research) 

Plate 7 

(Received for publication, June 7, 1929) 

The fact that vaccine virus is capable of multiplying in cultures 
of susceptible tissues is well established. Some investigators (1), 
however, have claimed that it is possible to obtain an increase of this 
infectious agent in the absence of living host cells. These claims have 
not been substantiated. Indeed, Harde (Steinhardt) (2, 3) and Nye 
and Parker (4) have reported that tissues killed by freezing and thaw- 
ing and by hypotonic salt solutions did not support the survival or 
multiplication of vaccine virus. 

Recently Maitland and Maitland (5) recorded observations con- 
cerning “cultivation of vaccinia virus without tissue culture.” Their 
medium consisted of minced chicken kidney suspended in a mixture of 
chicken serum (1 part) and Tyrode’s solution (2 parts). These 
workers found that the virus increased in the absence of any detectable 
growth of cells in the cultures. In fact, they state that “after 24 hours 
the small pieces of kidney had begun to disintegrate, and by the third 
day autolysis of the tissue was extensive.” There is no reason to 
doubt that vaccine virus multiplied in Maitland’s medium. More- 
over, Eagles and McClean (6) and Andrewes (7) have shown that 
certain \nruses are capable of increasing under such conditions. 
Inasmuch as most workers have been unable to cultivate vaccine 
virus in the absence of living cells, and since it is known that certain 
cells remain \’iable under many conditions (8, 9), there are reasons for 
ascertaining whether Ihnng cells can persist or w’hether grow^ of cells 
can occur in iMaitland’s medium. It is with this problem that the 
present communication is chiefly concerned. 

ISl 
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EXPERIMENTAL 

.. Methods and Materials 

Vaccine F/n/j.— Levaditi's neurovaccine was injected in tlie testicles of a 
rabbit. 4 days later the testicles were Tcmovcd^ and ground in a mortar with sand 
and m/50 phosphate solution, pH 7.6. The emulsion was thoroughly centrifuged 
and the supernatant fluid was used as an inoculum. The titer of the virus was 
determined in rabbits by means of intradermal inoculations of 0.2 cc. of serial 
dilutions of virus emulsions. 

Culture Medium . — Throughout this work Maitland’s technique of preparing 
and testing cultures was followed. 

“Blood was withdrawn from a Iran and after it had clotted the scrum was collected 
The hen was killed \vith chloroform and etlier, and the kidneys, which were removed 
aseptically, were minced finely with scissors. Into a flask was put 0.66 c. cm. (appro.ti- 
mately) of minced kidney and 1.33 c. cm. of inoculum diluted 1 in 6.6 Mth Tyrode’s 
solution. The mixture was allowed to stand in the cold room for four hours. Then were 
added 12 c. cm. of Tyrode’s solution and 6 c. cm. of hen’s serum. The final dilution of the 
inoculum was thus 1 in 100. The mixture was distributed in 2 c. cm. into Carrel’s tissue 
culture flasks, type D, wliich were incubated aerobically at 37°C., without caps. The 
cultures were tested after various periods of incubation by grinding the whole of the 
contents of each flask with sand and centrifugalising.” 

Controls . — In addition to the normal kidne}'^ tissue, controls with minced kidney 
tissue that had been frozen (CO 2 snow) and thawed 10 times were emplojmd. 
To determine whether the tissues were living or dead at the beginning of each 
e.xperiment, just prior to the distribution of tlie cultures in flasks, bits of the 
normal and of the frozen Iddney tissue were placed in hen plasma and embryo 
extract on mica coverslips which were inverted and sealed over hollow ground 
slides. These preparations were then incubated at 3 7°C. After 5 or 6 days thei' 
were examined for evidences of cell growth. 

To ascertain whether Jiving cells persisted in the cultures prepared and handled 
according to Maitland’s method, bits of tissue were removed from the Carrel 
flasks at 3, 4, and 5-day intervals, washed in Ringer’s solution, and planted in 
plasma and embryo e.xtract on mica coverslips These preparations were e.x- 
amined frequently for evidences of cell growth. 

Inasmuch as it seemed possible that certain cells rm'ght at times multiply in a 
mixture of serum and Tyrode’s solution, bits of normal kidney tissue were placed 
in such a mixture on mica coverslips over which hollow ground slides were placed 
and sealed. The slides were not inverted, since it is well known that in a liquid 
medium cells usuall}’’ require a surface along which to grow. After incubation at 
37°C., these preparations were e.xamined for evidences of cell migration or cell 
growth. 


' All operations were performed under ether anesthesia. 
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To test the viability of bacteria one usually resorts to subcultures 
rather thari to examinations of fresh and stained specimens. Con- 
sequently, in determining whether cells are able to remain alive in the 
medium employed by Maitland for the cultivation of vaccine virus, 
subcultures, as described above, of bits of tissue in a favorable medium 
were made. Under these conditions, it is appreciated that positive 
results are more significant than negative ones. In this work 4 ex- 
periments were performed, 3 of which will be described in detail. 
The fourth will be omitted, since the results were similar to those of 
the others. 


Experiment I 

Jan. 15, 1929. — Fresh hen kidney was minced. One portion was frozen (COj 
snow) and thawed 10 times. Then both portions were placed in contact with 
vaccine virus in the ice box for 4 hours. After the exposure to virus, 10 pieces of 
unfrozen and frozen tissue respectively were cultured as controls in plasma and 
embryo extract on mica coverslips. The inoculated frozen and unfrozen tissues 
were then added to a mixture of serum and Tyrode’s solution and distributed in 
Carrel flasks (2 cc. each) — 3 with utdrozen and frozen tissue respectively. Titer 
of vaccine virus in the cultures at this time: frozen = 1 :100; normal or unfrozen = 
1 : 100 . 

Jan. 17. — ^Each of the 10 control cultures made on coverslips from the unfrozen 
bits of tissue showed growth of cells, while in those made from frozen tissue no 
evidence of cell growth was observed at this time or upon subsequent examinations. 

Jan. 18. — The cultures were removed from the Carrel flasks. Bits of tissue 
from 2 of the flasks with unfrozen kidney and from 2 of the containers with frozen 
kidney were washed in Ringer's solution and subcultured in hen plasma and 
embiyo extract. None of the subcultures of frozen tissue showed growth in 6 
days (Fig. 2), while in all of those made from unfrozen tissue growth of cells (Fig.l) 
was exndent. The predominant cells were fibroblasts, yet cells of the macrophage 
type evidencing phagoo’tosis were observed. 

The titer of vaccine varus in the flasks with frozen (F) and unfrozen (N) tissues 
wasasfoUows: NT = 1:500, N2 = 0,N3 = 1:5,000; FI = 0,F2 = 0,F3 = 1:50. 


The results of the above experiment indicate that vaccine vttus did 
not multiply in the presence of kidney tissue killed by freezing and 
thawing, while it did persist or increase in amount in cultures set up 
with normal kidney tissue in a mixture of serum and Tyrode’s solution. 
Furthermore, it is quite obvdous that Imng cells persisted for at least 
3 days in IMaitland’s medium. 
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Expcriincni II 

Feb. 13, 1929. — Cultures were prepared with frozen and unfrozen tissue as 
described in the previous e.\periment. From the respective mbctures 2 cc. were 
placed in each of 4 Carrel flasks. The titer of virus at this time: frozen = 1:1,000; 
normal or unfrozen = 1 : 1,000. 

Feb. 16. — lObitsof tissue were removed respectively from each of 2 Carrel flasks 
containing unfrozen (N) tissue and from each of 2 flasks udth frozen (F) kidney, 
washed in Ringer’s solution, and subcultured in plasma and embrj^o extract. The 
results of the subcultures were as follows: 

N1 : 8 showed growth of cells, while 2 did not. 

S “ “ “ “ “ 5 “ “ 

F2 : 10 “ no growth of cells. 

F3: 10 “ “ “ “ “ 

Feb. 18. — To test again the viability of cells, 20 subcultures were made from 
N3 and N4 respectively and 10 from FI and F2 respectively. The results of the 
tests were as follows: 

N3 : 14 showed growth of cells, while 6 did not. 

N4: 15 “ 5 " “ 

FI : 10 “ no growth of cells. 

F2: 10 " " " " “ 

Titration of virus from 2 Carrel flasks containing unfrozen (N) tissue and from 2 
containers with frozen (F) kidney resulted as follows: Nl = 1:1,000, N3 - 
1: 100,000, F3 = 0, F4 = 0. 


From the results of Experiment II it is evident that certain cells are 
able to survive for at least 5 days in a mixture of serum and lyrode’s 
solution. It also appears that vaccine virus survived or multiplied 
in the presence of living cells while it ceased to be active in the cultures 
prepared with tissues killed by freezing and thawing. 


Experiment III 

Feb. 25, 1929. — The vaccine virus used in this e.xperiment was obtained from 
N3 of Experiment II. It had been diluted ten times and stored on ice for 7 days. 
As previously described, cultures were prepared with frozen and unfrozen minced 
kidney tissue. Prior to distributing the cultures in flasks, the following controls 
were set up on mica coversh'ps: 

10 cultures of frozen tissue in plasma and embryo extract. 

10 “ “ “ “ “ serum and Tyrode’s solution. 

10 “ “ unfrozen tissue in plasma and embryo extract. 

10 “ “ “ “ “ senun and Tyrode’s solution. 
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Subsequent examinations of the above controls revealed the following facts: 
None of the frozen tissues showed growth; 9 of the unfrozen tissues in plasma and 
embryo extract presented signs of growth; 5 of the unfrozen tissues in serum and 
Tyrode’s solution showed evidences either of definite cell growth (Fig. 3), of 
wandering out of surviving roimd cells, or of beginning giant cell formation (Fig. 4) 
through cell apposition. 

March 2. — ^30 pieces of unfrozen tissue were taken from each of 2 Carrel flasks 
(N1 and N3) and 10 of frozen were removed from each of 2 containers (FI and F2). 
To test the viability of cells, these bits of tissue were washed in Ringer’s solutions 
and subcultured in plasma and embryo extract. The results of the tests were as 
follows; 

Nl: 10 cultures showed growth, while 20 did not. 

N3: 29 " “ “ " 1 " “ 

FI ; 10 “ “ no growth. 

F2: 10 “ “ “ “ 

At the beginning of the experiment, titration of the virus resulted in no vacdnal 
reactions in the rabbit. After incubation at 37°C. for 5 days the contents of the 
flasks were examined for the presence of vaccine virus. None was formd. 

The virus used in this experiment was culture virus from Experiment 
II. It had been diluted and stored on ice for 7 days. During that 
time it had ceased to be active. This experience coincides with the 
findings of Eagles and McClean (6) who have had difficulty in 
preserving culture virus. The results of Experiment III indicate that 
cells are not only able to survive but may at times multiply in a 
mixture of serum and Tyrode’s solution. 

DISCUSSION 

The results of the experiments described above are in agreement with 
those obtained by other workers who found that tissues killed by 
freezing and thawing failed to support in vitro the multiplication of • 
vaccine virus. No evidence was secured to cast doubt upon Mait- 
land’s observations concerning the increase of vaccine virus in a 
medium consisting of minced fresh normal kidney tissue suspended 
in a mixture of serum (1 part) and Tyrode’s solution (2 parts). In this 
medium, however, which ^Maitland considered not to be a tissue cul- 
ture and in wliich he thought autolysis of the cells to be extensive' 
within 3 days, it was possible to show that many cells remain viable 
for at least 5 days. This was accomplished by subculturing bits of the 
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tissue in a favorable medium of plasma and embryo extract. Further- 
more, it was found that a medium of serum and Tyrode’s solution is 
capable at times of supporting multiplication of certain cells fFig. 3). 
, From the work here presented it appears that the increase of vaccine 
virus obtained by Maitland did not occur in the absence of living cells. 
Nevertheless, Maitland has made a definite contribution to the study 
of viruses in that he has found a medium for the easy cultivation 
in vitro of vaccine virus and other infectious agents of a similar nature (7). 

SUMMARY 

Cells survive for at least 5 days and at times are capable of multiply- 
ing in a mixture of serum and Tyrode’s solution used by Maitland for 
the cultivation in vitro of vaccine virus. 
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EXPLANATION OF PLATE 7 

Fig, 1, A small piece of kidney tissue removed from a 3-day Maitland cul- 
ture and subcultured in plasma and embryo extract. Note growth of cells. 
X about 95. 

Fig. 2. Tissue treated similarly to that in Fig. 1 with the exception that it was 
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frozen and thawed before being used in a Maitland culture. Note absence of cell 
growth. X about 95, 

Fig. 3. Fresh kidney tissue cultured 4 days in a mixture of serum and Tyrode’s 
solution on a mica coverslip. Note growth of cells. Fixed preparation stained 
with Delafield’s hematoxjdin. X about 85. 

Fig. 4. Giant cells formed b)'- cell apposition in a medium of serum and Tyrode’s 
solution. Fixed preparation stained with Delafield’s hematoxylin. X about 85. 
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The present paper is the first of a series dealing with the service 
rendered to the tissues by the blood under various conditions. As 
indices to such service we have utilized the extravascular spread of 
easily recognizable, innocuous materials thrown into the blood stream. 
For the purpose of the work here reported certain highly diffusible 
vital dyes have been employed. 

It goes without saying that the multifarious activities of the blood 
in relation to the tissues cannot be adequately comprehended through 
observations on the passage from and into the vessels of any single 
substance or set of substances. But one can at least obtain in this 
way a knowledge of the general problem in some of its quantitative 
aspects. Most of the information thus far accumulated concerning 
it is inferential in nature, being the outcome of observations on rates of 
blood and l3Tnph flow, on the relative abundance of capillaries in 
different organs, on capillary pressures, and the state of the local 
circulation as determined by direct observation. Hooker, Krogh, 
Richards and others have made studies of the small blood-vessels 
which illumine the general field; and some investigators have fol- 
lowed directly the diffusion from or into indiwdual capillaries. 
Our aim has been to determine what the blood does under pathological 
conditions for the various organs of the body as a whole. 

The Choice of Materials 

The peculiarities of living cells as manifested in what they reject or 
accept, and accepting, utilize, secrete, or store, renders the problem 
of tissue maintenance highly diverse. But it should be possible to 

IS9 



190 


STUDIES OF TISSUE MAINTENANCE. I 


find out in a general way whether the circulation is adequately serving 
the cells in bringing materials to them and away from them, irrespec- 
tive of what the cells do with these materials. Susbstances that are 
let pass by the capillaries must, of course, be employed. True, these 
will be let pass in varying degrees. But it would seem to be a general 
law that diffusible, non-toxic “acid” stains penetrate the capillary wall 
at approximately the same relative rates as when they spread through 
gelatin (1). If a number that differ widely in this latter respect are 
selected for animal test it should be possible to gain an insight into how 
the tissues are served -with materials normal to them. At first thought 
one would say that normal substances should be used. But not only 
are many of these subjected to change or removal through cell activi- 
ties, with result that the gradient of permeability is altered locally, but 
their situation and quantity cannot be gauged with the eye as it can 
in the case of vital stains of intense color. The best of these stains 
have special affinities and are stored or excreted in ways that alter 
interpretations. But with the recognition of such peculiarities, errors 
due to them can be ruled out. The monographs of Schulemann (1) 
and of von Mdllendorff (2) give one access to a large series of vital 
dyes. From amongst them and from other sources it should be possi- 
ble to select test-substances covering the diffusion range of most ma- 
terials normally purveyed to the cells, with exception of the gases. 

The recent history of vital staining is an instructive one, illustrating as it does 
how rapidly the uses of a scientific tool of wide apph'cability can become stereotyped 
as result of success with it in a special field. Ehrlich brought vital staining to 
modern attention, making significant observations on the nervous sj^stem with the 
aid of methylene blue about thirty years ago (3). But with the subsequent 
discovery that certain of the poorly diffusible dyes are taken up and stored within 
living cells, interest turned almost wholl}'- in the direction of the disclosures thus 
made possible. Not very often since, despite the immense gamut of available 
dyes, has diffuse vital staining been employed, and then, vdth a few noteworthy 
exceptions, for highly specialized purposes. Furthermore the range of dyes utilized 
in the study of cell-storage has of late narrowed instead of broadening, the mass 
of investigations nowadays being conducted with one or another of but a few 
slightly diffusible stains. An observation of the earlier investigators should be 
mentioned because of its bearing on our own problem, namely that dye storage 
is especially abundant in the e 3 ’^e muscles, diaphragm, and heart, — whence these 
workers inferred the existence of an especially great fluid interchange in the organs 
mentioned (4). Recentlj’- Okuneff (5) and Kusnetzowski (6), using the same 
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criterion, have concluded that much more dye reaches the cells of regions that 
are inhamed or heated than is the normal case. 

For the present work highly diffusible stains devoid of confusing 
tissue affinities have been sekcted—Patent Blue V, brom phenol blue, 
phenol red and sodium indigotate. In enlargement of some of the 
observations india ink has been pressed into service. Ordinarily we 
have followed only the distribution of the dyes from blood to tissues, 
not their subsequent removal from the latter. 

Patent Blue V is an intense stain of great diffusibility (7).* Within a few 
seconds after it has entered the blood stream white animals become briUiantly 
blue; and by pressing out the blood from the tissues the extravascular situation of 
the dye can readily be demonstrated. To obtain data on its rate of diffusion into 
the various organs is difficult, so quickly does it enter most of them. One can 
always tell, though, where it is and where it is not; and it has the great advantage 
of rendering visible the walls of the arterioles. Unanesthetized rabbits injected 
with 1} cc. per kilo of a warmed, unbuffered 8 per cent solution of Patent Blue V 
(Hoechst), of pH 6. approrimately, manifest no symptoms whatever; and ether- 
ized ones show no disturbances of heart beat or blood pressure that are observ- 
able with the kymograph, other than those fleeting ones produced by a similar 
quantity of salt solution. The dye retains its color within the organism. More 
than three-fourths of it can be recovered as such from the urine of the first 
twenty-four hours, and most of the rest later on. 

Brom phenol blue, somewhat less diffusible and leaving the blood not quite so 
rapidly, is almost as intense a vital stain. Its range as indicator h'es too far to the 
acid side for the blood and tissue reactions to affect its hue. For our purposes it 
has proved well-nigh ideal, being devoid, when properlj' purified f, of action on 
blood vessels or heart, and diffusing at such rate that the stages in its distribution 


* A correlation of the diffusibilities of the dyes in vivo and in vilro is being carried 
out in our laboratorj' bj’ Dr. Frederick Smith who will report upon them later. 
It will suffice here to state that a waterj' solution of Patent Blue V diffuses through 
a porous glass disc of the sort employed for diffusion measurements by Northrop 
and Anson (J. Gen. Physiol., 1929, 12, 541) about as quickly as docs de.\'trose. 
^\ hen the pores of the disc have been filled with gelatin it passes only about one 
fourth as rapidly as de.xtrosc. 

t As ordinarily sold for pH determinations brom phenol blue often contains 
contaminants affecting the blood pressure. Hjmson, Westcott and Dunning 
have most kindly made for us a purification of their product, which has proved 
innocuous and devoid of cardiac or vascular effects in cats and rabbits. 
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can be followed in animals killed at brief intervals after injection.* Furthermore 
its color so dominates over that intrinsic to the tissues that direct comparisons of 
degrees of staining become possible. It is best employed in 4 per cent solution, 
and for intense staining a somewhat greater fluid bulk than of Patent Blue V 
must be injected intravenously, 3 cc. per kilo of cat or rabbit, f Our usual technic, 
as in the case of other stains, has been to inject the warmed dye solution during 
the course of one minute. By the end of this time the body surface is already 
an even, intense blue; and the failure of the tissues to change color when the 
blood is driven from them bj' pressure shows that the dj'e has already largely 
passed from the vessels. Neither then nor later are symptoms evident. Rabbits 
suddenly stained deep blue and placed on the floor sniff about inquiringly and when 
food is placed before them at once fall to. Three minutes after the dye injection 
the staining is nearly at a maximum throughout the animal, though accurate color 
comparisons show that it deepens slightly within another five minutes, remaining 
constant then for appro.ximately 4 hours and gradually fading later. By next day 
the animal is practically decolorized, the dye lingering onl}' where the circulation 
is poor, as in the cartilage of the ear which is still light blue, the tendons (paler 
blue), the sclerotics (faintly blue); or about a locus of special retention as in the 
case of the blue gall-bladder wall through which resorption is still taking place 
secondarily from bile blue-black with the dj'e excreted with it. At this time the 
blood plasma no longer is colored. The phthalein leaves the body chiefly byway 
of the kidney though a little escapes in the feces. As much as 94 per cent of the 
amount injected has been recovered in the urine of the first 48 hours. The liver 
takes much out of the blood at an early period, secreting it into the bile, but, as 
happens with so man)'- other stains, it passes into the circulation again from the 
gall bladder and intestinal tract, and ultimatelj'^ escapes in the urine after all. 
No evidence has been obtained of the least decolorization of the dye within the 
organism. If any occurs it is negligible. 

Phenol red diffuses twice as fast as does brom phenol bluef and somewhat more 
rapidly than Patent Blue V. Much of what has just been said applies to it. 
Because of the current utilization of it in renal tests it is readily available in pure 


* Dr. Smith has found it to pass through the porous disc of Northrop and Anson 
at a speed slightly more than half tliat of Patent Blue V irrespective of whether 
the disc has been filled with gelatin or not. 

t We are indebeted to Dr. Macinnes for freezing point determinations which 
show that the solution we have emplo}'’ed is isotonic with 0.92 per cent NaCl, 
and to Dr. Mirsky for observations with the glass electrode which show the pH 
to be approximately 7.24 at 37°C. The method of preparing the solution has 
been given in a previous paper. 

t Unpublished observations of Dr. Smith. 
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form; and the injection of a fresWy made, wanned, isotonic 4 per cent solution of 
it at pH 7.4, to the amount of 3 J cc. per kilo, the optimal quantity for staining, 
causes no symptoms or cardiac or vascular manifestations that a corresponding 
amount of Ringer’s solution would not elicit. It can be used to study blood service 
to the connective tissue and the other relatively alkaline matrix tissues (cartilage, 
fascia and tendon(8)) where it appears ruddy, but not for observations on the 
muscles and viscera, since in them it assumes various shades of orange and yellow 
that are not readily perceived and evaluated when only a small amount of the 
dye is present. 

Sodium indigotate is poorly soluble at best, only to 2 per cent in water at body 
temperature', and as much as 7^ cc. pet kilo must be injected if the color native to 
the organs is to be drowned in blue. It is reduced to indigo white in many of the 
tissues, though it turns blue again on exposure to air; and it is rapidly excreted by 
liver and kidneys. For all these reasons it has proved unsatisfactory in the study 
of blood service, although it can be used in confirmation of certain phenomena. 

Gewral Procedure 

Rabbits and cats have been used for most of the work, and light ether as the 
anesthetic when one has been necessary. Many of the rabbits have been un- 
anesthetized. To begin with, the normal distribution to the tissues of brom phenol 
blue was ascertained, and a routine method of examination was worked out. In 
order that the spread of the dye to the superficies might be studied the fur was in 
many instances removed from a large part of the trunk and thighs some days 
prior to the observations, the animal being guarded against chilling thereafter. 
Barium sulphide proved better for the purpose than shaving. Areas accidentally 
inflamed were rapidly discriminated by the special intensity of the staining. 
Ordinarily the animals were fasted 24 hours in order to avoid a digestive hyperemia 
of the gastro-intestinal tract (Bier) ; but they were allowed water. Etherized ones 
were kept on an electrically warmed pad, and were not stretched out but laid on 
the back or side, without ties. Tracheal cannulation ensured a more even an- 
esthesia. The dye was injected into an ear vein of rabbits and into the basilic 
vein or internal saphenous of cats, these vessels frequently being cannulated for 
the purpose. Oiling the body surface brought out brilb’antly the surface hues. 
Since the abrupt introduction of even as little as 1 cc. of fluid into the circulation 
of a large rabbit brings about compensatory readjustments (Tigerstedt) the dye 
solution was given gradually^ in the course of one minute, as already stated. 
Ordinarily three further minutes were let elapse and then the animal was 
killed, by cutting both carotids, or, — ^when no anesthetic had been used, — ^bv 
decapitation at a blow. The complication of stained blood within the tissues 
was minimized by the rapid e.xsanguination. The autopsy was carried out at once 
and very rapidly, by two workers, with the animal on a slanting board, head 
down. The organs of spcdal interest were first looked at, the order of- 
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inspection being purposely varied to rule out the possibility of errors due to 
post-mortem diffusion of the dye. The intensity of the staining as viewed 
in the gross, was frequently recorded in terms of Ridgway’s color standards (9) 
according to the metlrod used in previous investigations (10). Save in special 
instances we have not concerned ourselves with the precise location of the dye 
within the tissues, the main point being that it should have left the circulation, 
have been served up to the cells, so to speak, irrespective of acceptance or rejection 
by them. 

Not infrequently an amount of blood equivalent to that of dye was removed 
just prior to injection of the latter. But needless to say this proceeding merely 
complicated the issue. For not only must some vasoconstriction have been 
invoked by it, but the salt solution containing the dye must practically at once 
have been removed from circulation. Whatever the importance of these various 
factors they did not suffice to bring about differences in the picture. The animals 
as a group yielded consistent findings, irrespective of the stain employed. 

The Staining in Normal Animals 

The phenomena observed after the injection of brom phenol blue were essen- 
tially the same in rabbits and cats, and were unaffected by etherization. By the 
time the injection was completed the hairless tip of the nose, the gums, conjunctivae 
and fauces had stained deeplj'- and evenly. The pads of the feet became blue 
only a little more slowly and less markedl}'. The general body surface took on 
color progressively and evenly except for intensifications where vessels were 
abundant, as over the heels and about the mammae. After three minutes the 
surface hue was brilliant (between “cadet blue” and “diva blue” — Ridgway), 
the stain lying in the connective tissue. The thin sheet of voluntary musde 
coming away with the pelt was but palely blue, much paler than the external 
and internal oblique and the pectoral and leg muscles. These in turn were not 
nearly so well stained as the diaphragm, intcrcostals and lingual muscles, the 
differences being especially plain when muscle layers of the same thickness were 
compared. To the unaided eye the staining of subcutaneous tissue and muscles 
appeared diffuse, and this still held true when the animals were killed only a few 
seconds after the injection. For example the tissues of a rabbit killed within 15 
seconds after an injection lasting 30 seconds appeared diffusely stained, as did those 
of a cat killed 15 seconds after an injection which had itself required 30 seconds. 
But in certain noteworthy instances of animals kept for the routine period of 3 
minutes there were indications in the muscles of a latticing or transverse banding 
with blue, a phenomenon later found to be pronouncedly present when staining 
was done after the blood bulk had been reduced by bleeding or through the pro- 
duction of anhydremia (11). 

The connective tissue and fascia were everyw'here of a medium blue, the cartilage, 

— except for the rib cartilages which fail to stain, — a lighter blue, and so too with 
the tendons and the newer portions of bone. Old bone remained uncolored. 
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Though the supporting framework of the adipose tissue was well colored the fat 
itself did not stain, nor did the white matter of the central neroous system, the gray 
matter being dubiously tinged. The nerves to the muscles were beautifully visible 
in grayish blue to their finest ramifications. The red bone marrow appeared deeply 
colored, but the dye was localized to the blood content. There was intense 
staining of the media of the larger arteries suggesting a special affinity, though 
the subsequent decolorization took place nearly if not quite as rapidly as elsewhere 
save in the aorta where it noticeably lagged. The latticing and banding in the 
muscles mentioned above was not due to this vascular staining. The walls of the 
veins stained poorly. The fibrin of post-mortem blood clots stood out in deep 
blue. Embolism and thrombosis were sought for but never found. 

The tissues thus far described were only moderately blue as compared with most 
of the abdominal viscera. These were so suffused with the dye as to afford a 
startling contrast. The intestines, large and small, were a deep purpUsh blue, and 
so too with the oesophagus and gall-bladder. The bladder bile of rabbits was al- 
ready definitely blue after three minutes, but that of cats only later. The peri- 
toneal surface of the stomach appeared rather light blue, though finely stippled with 
darker blue points in the case of the cat; but when the organ had been slit open 
the mucosa and submucosa proved to be deeply stained, like the gut further down. 
It was the gastric muscularis into which relatively little of the dye had gone. 
Occasionally there were to be noted in it areas of local contraction which had not 
stained at all though the inner and outer layers of these areas had stained as well 
as ordinary. In this connection the fact deserves mention that the segments of 
large intestine distended with fecal masses were as excellently stained as the 
empt 3 % contracted regions between. A notable example was furnished by the 
rabbit colon wherein fecal pellets are usually distributed at nearly regular intervals 
with a thinned wall over them and contracted gut between, like coarse beads on 
a thick, gristly string. Such a colon when slit longitudinally, emptied and in- 
spected between glass plates had the same color intensity everjTvhere. 

So rapidly did stain pass into the mesenteric lymphatics that they were distended 
with deep purply-blue fluid within 15 seconds after the dye injection. The glands 
at the root of the mesentery contained a similar fluid. In view of the extremely 
rapid diffusion the viscera were ordinarily inspected first of all, often before the 
heart had stopped. 

In the gross the liver appeared deeplj'^ and evenly colored, but Valentine knife 
sections disclosed minor variations in hue, the periphery of the lobules being more 
intensely colored than the center, and both appearing greenish as compared with 
the clear blue of the interlobular connective tbsue. In rabbits killed after three 
minutes some stain had alreadN’ reached the bile. The spleen was a more or less 
deep blue,— less when the organ was somewhat contracted. The kidney cortex 
was dark blue, the medulla lighter, and brom phenol blue was present in the corti- 
cal tubules. The urinary bladder was medium blue, irrespective of whether it was 
full or empty, the hue approximating that of the superfidal connective tissue. 
The omentum of the cat was lighter. That of the rabbit proved too filmv for useful 
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observations. Botli in omentum and rctropcriioucal fat the stain was localized to 
the connective tissue framework. The pancreas appeared evenly and rather lightly 
stained. Here too the color Avas principally in the connective tissue. 

The ovaries stained rather intensely, and so too with the medulla of the adrenals, 
the cortex staining scarcely at all. The pregnant uterus was deeply blue, but into 
amniotic fluid and well-developed fetuses the dye had not penetrated during the 
few minutes following the injection. 

The lungs were evenly and lightly blue, and the thymus too. The heart wall 
appeared deep purple blue. We have not attempted to determine how much of 
the color was due to contained blood. 

In significant contrast to the mesenteric lymphatics and glands, those of the 
limbs contained fluid that was at most but palely blue. 

Substantially identical findings were obtained with Patent Blue though no 
banding or lattice work Avas disclosed in the muscles, so rapidly did the dye diffuse. 
With sodium indigotate, the far greater intensit3'^ of the staining in the viscera was 
readily demonstrated, but minor differences Avere not easity to be apprehended 
OAA’ing to the reduction of tlie dj’e to a colorless form. 

A number of the organs considered above Avill not be referred to again in the 
course of the present paper, notably the heart, kidnej's, thA'mus, ovaries and 
adrenals. We have described them merefy to round out the picture. 

In summary one can say that certain organs or tissues (brain, 
lamellated bone) are entered practically not at all by tlie dyes of our 
experiments, that others receive but little of them (cartilage, tendon, 
new bone, nerves), others shoAV them in considerable quantity (con- 
nective tissue, urinary bladder, muscle, pancreas), while others yet 
become so suffused as to constitute a group apart (liA'^er, gall-bladder, 
intestines, stomach). The deep color of the spleen and red bone 
marroAv is deceptive, the dyes lying for tlie most part still in the blood 
contained in these organs. In not a few others tliey are localized 
almost entirely to connective tissue scaffolding and interstitial fluid. 
With the binocular microscope one can readily make out that the 
epithelium of the gut is stained only faintly if at all, and that in 
voluntary muscle tlie color lies in general between the fibres. But, 
as has already been stated, our object has been merely to determine 
whether the dyes are purveyed to the cells, not whether they are taken 
up. The observations just recounted 3delded a norm for the distribu- 
tion from the circulation. 

Certain affinities of brom phenol blue require recognition at this 
time. It has some affinity for the media of arteries, as also for medul- 
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lated Denies. In common with many other dyes it is rapidly removed 
from the blood by liver and kidneys. MoUendorff has correlated the 
rate of excretion of such dyes into the bile with their physical proper- 
ties (12) ; yet the activities of the liver cells in secretion of them are 
still not wholly understood. The failure of the phthalein to penetrate 
old lamellated bone is evidently due to the constitution of the latter. 
The failure of the brain to stain with vital dyes in general has never 
been satisfactorily explained. The intense color of the diaphragm, 
intercostals and tongue as compared with the other skeletal muscles is 
understandable on the basis of their more abundant circulation (13). 

The Technique of Depletion 

When the blood bulk has been suddenly and considerably reduced, 
by bleedings or procedures causing anhydremia, profound alterations 
take place in the service rendered to the various organs by the circula- 
tion. Some of the changes have been briefly described in a report on 
the local, extravascular acidoses arising out of the state of affairs (14). 
We shall here consider them more fuUy. 

To deplete the cats and rabbits used in the present observations successive 
bleedings have been employed. Since the circulator}' alterations disclosed by the 
staining method are seen in pronounced form only when the blood bulk is not 
restored through readjustments within the body, the animals were fasted from 18 
to 24 hours prior to experiment in order to lessen the utilization of fluid from the 
gut, as further, to avoid digestive hyperemia. Usually they had access to water; 
but under the circumstances they drank little. Those that were etherized and 
connected with the k}’mograph by way of the carotid were bled, either from this 
carotid by puncture of the rubber tubing just above the cannula, or preferably 
from an axillai}’ artery cannulated for the purpose. Rabbits were bled with the 
aid of local anesthesia (novocain) by a method which involves a preliminary 
operation under general anesthesia to bring the carotid to the surface, cannulate 
it, and place about it an elastic clamp. The clamp was made from a short piece 
of rubber tubing about 3 mm. in outside diameter which was bent upon itself 
and tied so tightly at the bend that its limbs did not lie in parallel but sprung 
somewhat apart. The contrivance was slipped about the arter}’, and the free 
ends of the tubing were pulled through a constricting ring of rubber formed from 
the segment of a larger, thick-walled tube. To shut off the vessel the ring was 
rolled toward it along the pieces of tubing, the pressure of these latter upon each 
other sufficing for the purpose. For bleeding the ring was rolled away. There 
was an optimal position of the latter at which the vessel was held gently shut, to 
be opened merely by pressing the ends of the contrivance toward each other, thus 
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springing its sides apart. Successive bleedings were readily carried out with the 
animal on its feet. 

It w'as early found tliat a large depletion, especially in the absence of general 
anesthesia, was required to bring about deviations in blood service so pronounced 
that certain regions which ordinarily color well failed to stain. No effort was 
made to determine the least loss of blood that would suffice for this purpose. 
When it w'as accomplished by a progressive anhj-^dremia the blood pressure often 
varied little from the normal (15); but when bleeding was employed it usually fell 
to about 100 mm. Hg in cats, and 60 mm. Hg in rabbits, in the absence of any 
efforts to conserve it. After a first hemorrhage, as is well known, fluid from the 
tissues enters the vessels; but this readjustment is ordinarily completed within a 
few minutes, and takes place to but a slight extent after later bleedings (16). 
To rule out its influence upon the findings, as also to permit conditions to become 
relatively stable, three or four bleedings were done in all, at ten to twentj' minute 
intervals, and the d 3 'e injection was ordinarily’- deferred until twenty minutes after 
the last one. Great care was taken that the depilated, depleted animals should 
not grow cold during the experiments. The unanesthetized ones were kept in 
w'arm rooms, and those under ether were in addition placed on electrically 
warmed pads, i^^itli tlie successive bleedings the skin and mucous membranes 
became pallid, and the superficial veins more or less collapsed. Very occasionally 
an ill-defined surface mottling could be made out. 

Ordinarily almost half, if not quite half, of the calculated blood volume (which 
is approximately 7.5 per cent in the cat, 5.5 per cent in the rabbit) was removed. 
The rabbits depleted with local anesthesia still kept their feet but the respirations 
were exaggerated. That the alterations in the staining were not traceable to low 
blood pressure, as such, had been disclosed b}’ the observations on anhydremic 
animals (17), and was now further sho-nm by the fact that the longer the interval 
elapsing between the final bleeding and the injection the more pronounced were 
the deviations from the ordinary'- staining, although in the interval the pressure 
often tended to recover. The same amount of dy’e per kilo was given as under 
normal conditions, and in the same way. It sometimes caused a partial recovery 
of the blood pressure, but no symptoms. As in the case of the controls, the animals 
were killed three minutes after the injection. 

The Alter aiions after Reduction of the Blood Bulk 

The phenomena occurring in the superficial tissues, in the pelt that is to say, 
of animals receiving brom phenol blue have been briefly described in a preceding 
paper. The cat or rabbit turned blue more slowly than usual, the rate de- 
pending on the degree of depletion and how long after it the dye was injected. 
In extreme instances only a faint blue staining developed and this was limited 
to the regions where large vessels entered the skin. In the majority of instances 
the staining was patchy, unstained areas being everywhere interspersed amidst 
others that became brightly'^ and diffusely blue. This patching proved in the 
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cat to be essentially similar to that already described for the rabbit and rat 
(18) but the -white areas tended to be larger. They were irregular in outline, 
■with serpiginous margins, frequently confluent, and varied in size according 
to the depletion conditions, the arrangement being sometimes of blue on a 
•white ground and again of -w’hite on blue. In poorly marked instances there was 
merely a scattered sprinkling of small white spots on the blue expanse. The 
patching was especially well seen in well-nourished -white cats with an underlying 
paimiculus. In extreme instances, in which phenol red had been used instead of 
a blue dye, there took place a very gradual orange staining, — the color indicative 
of acidosis, — about the largest arteries entering the skin, while elsewhere the sur- 
face was unstained. The orange-red hue of the conjunctiva in such cases pointed 
to a blood acidosis. In less severely depleted animals the injection of the phthalein 
was followed by a brilliant mottling of red oh white or white on red. Where the 
dye crept in later, at the edges of the imstained regions, it was seen to be orange. 

Slight differences in local pressure sometimes exerted a great influence to deter- 
mine the situation of patches in the depleted animal (19). Crouching rabbits 
often showed a broad, unstained strip along the ridge of the backbone and other 
large unstained areas over the bulge of the knees. It was necessary to allow for 
such localizations, as further for the influence of isolated masses of fat to make an 
overlying, thin, translucent skin appear poorly stained. Where errors of inter- 
pretation from these causes could be ruled out one saw that the patches -w’ere not 
only highly irregular in contour but without trace of srunmetry. On reflecting the 
pelt the relation of them to the blood vessels could be made out; and the arrange- 
ment of the patching was found to be wholly independent of the vascular pattern 
visible in the gross, save in the extreme instances above mentioned in which only 
the tissue immediately about the largest vessels was stained. This independence 
was especially well to be seen where a number of arteries supplied the subcutaneous 
tissue in parallel, the lumbar vessels of the cat, for example. Here some of the 
arterial twigs ran to patches that were white, other corresponding ones to areas 
that were blue, and yet others to areas that were irregularly blue and white 
(Fig. 2). 

The patching was not essentiallj'- dependent upon cooling of the skin, though 
frequently developing when it was cool. It appeared pronouncedly in one of our 
animals which was accidentally overheated on the pad; and it can be regularly 
elicited in rats submerged in oil at body temperature (20). If nothing occurred to 
rch’eve the depleted organism the white areas persisted for long periods, though 
tending gradually to diminish in size by a peripheral encroachment of the dye. 
When they were vciy large dye sometimes appeared secondarily at spots here 
and there within them. Obliteration of them occurred in both wa 3 's when the 
blood volume was restored by reinjection of the portion removed. 

The £!<ms, v.ose lip, conjunctivac and tr.ttcous rnembrancs of the mouth colored 
promptly and deeply even when they had appeared absolutely bloodless prior to 
injection of the dye. They showed no patching, nor did the pads of the feet, which 
also stained rapidly but somewhat less well. 
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The skeletal muscles exhibited a remarkable reticulation or transverse banding 
with blue as has alreadj^ been briefly recorded. And the pattern, unlike that of 
the skin, was regularly ordered, and did not vary in its dimensions with the 
degree of depletion. It could be studied directly under the binocular dissecting 
microscope in certain of the flat muscles (tibialis anticus, gracilis, pectorals, 
e.xtensor longus digitorum) wherein it took the form of a transverse banding, and 
in others (as e.g. those of the abdominal wall) where a blue reticulum separated 
oval, unstained areas. To obtain specimens glass plates were slipped over and 
under the muscle which had been loosened from the tissues sufiiciently for this 
purpose, and the attachments were then cut. The banding was now seen with 
the unaided eye to be discontinuous, consisting of man}' short blue segments 
displaced regularly a little to tin's side or that of the main axis of the band. 
When the muscle was thick (quadratus lumborum) the segments were fre- 
quently superimposed at different levels. The blue reticulum was likewise 
discontinuous. For the present if will suflSce to say that the arrangement of the 
staining was determined by that of the vascular tree, and that it occurred about 
vessels of a special magnitude, several times larger than capillaries. The average 
length of the latter in rabbit muscle is 0.69 mm. (21), while the unstained regions 
between the blue bands (or blue reticulum) were more than 2.0 mm. across in 
this species, and even broader in cats. 

Greater differences were evident in the staining of the various muscles than under 
normal circumstances. The cutaneous muscle layer did not color at all after 
severe depletion, and the sheet muscles of the abdomen but slightly as compared 
with the brilliantly banded quadratus lumborum and gracilis. Even these were 
pale in comparison with the diaphragm, intercostals and tongue muscles which were 
diffusely stained and almost if not quite as deep blue as ordinal}'. Sometimes the 
intercostals showed a slight relative pallor midway between the ribs; but the blue 
was uniforml}' distributed in diaphragm and tongue even when the animal bad 
been sacrificed only a few seconds after injection. 

The findings thus far described bear witness to pronounced and pecuh'ar em- 
poverishments of blood service. Not so with those in the gastro-intestiiial tract. 
Here the staining appeared to have the same intensity as ordinary, and only on 
recording the hues in terms of Ridgway’s book did one perceive it to be slightly 
less. As result of the fasting the duodenum and jejunum were wholly collapsed 
as a rule. The intestines, large and small, were always a diffuse, even, purply 
blue, and so too with the gall-bladder wall, esophagus and the mucosa of the stomach. 
In extreme instances the muscularis of this last organ showed an Hi-defined, slight, 
pallid blotching but as a rule the coloration was diffuse. The staining was as good 
where the intestines were stretched over fecal masses as in the contracted lengths 
between. All this was true even when the animal was killed practically at once 
after the dye injection. Already the lymphatics of the mesentery and of the gall- 
bladder wall were distended with deep blue lymph. 

The liver was, as in the normal animal, diffusely and deeply blue. The pancreas 
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was stained about as well as ordinary and showed no patching. The urinary 
bladder, on the other hand, was decidedly paler than in controls, often indeed 
almost unstained, but without any patching. And the condition of the spleen 
showed frequently that it had been shut off in tolo from the circulation, even in 
etherized animals. Contracted and small tie organ stood forth in vivid red 
against deep blue surroundings. WTien depletion had not been severe small 
spreading areas of blue were found scattered amidst the red of the surface exposed 
on section. 

The omenlum of cats presented a singular picture, being splotched with blue 
and white wherever it was thick enough for the presence or absence of staining 
to be made out. The distribution of the stain was irregular, as in the case of the 
skin, and independent of the vascular patterning visible in the gross. It was 
confined to the connective tissue. The unstained patches were often several 
centimeters in greatest diameter. In the retroperitoneal fat a similar splotching 
or marbling with blue was brilliantly evident. The omentum of the rabbit 
proved too fihny for satisfactory studj'. 

A contrast to these evidences ofischemia was furnished by the ulertts of cats far 
pregnant. The organ was found markedly and evenly stained despite the 
severest depletion, and the veins coming away from it contained much deeply 
colored blood although there was little elsewhere owing to the exsanguination at 
death. In this connection mention may be made of the fact that inflamed areas 
in the skin of depleted animals stained excellently. 

The kidneys were diffusely blue, to the naked eye at least. Tendon and cartilage 
(ear, knee joint) colored somewhat less well than in controls, but there was no 
patching. The deep hue of the red bone marrow (legs, ribs) on the other hand 
showed that the dye had reached this tissue abundantly. The Umgs stained 
lightly, as in controls, save at their wedge edges which were often wholly uncolored. 
The tissue at the apices was no paler than that elsewhere. 

The lymphatics and glands of axilla and groin, in contrast to those draining the 
intestines, contained a fluid only faintly tinged with the dye. 

These various findings were readily confirmed ulth Patent Blue V, and some of 
them with phenol red. The patching of the skin could be demonstrated with 
sodium indigotatc, as ako the profound staining of the gastro-intestinal tract, 
gall-bladder included. 

In summarj’’ of the observations it can be said that under the 
circumstances of a markedly reduced blood volume certain of the 
organs continue to be well and evenl}' serv^ed by the drculation, 
whereas in others a pronounced patchy ischemia occurs. The con- 
junctiva, lips, gums, pharTTix, oesophagus, stomach, intestines, gall- 
bladder and liver all become rapidly and deeply stained; and the dye 
appears in quantity in the Ij-mph from the gut and gall-bladder, even 
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when the carotid pressure has been greatly lowered by the bleedings. 
Liver lymph was not studied. The red bone marrow continues to be 
excellently served by the blood in animals at the extreme of depletion, 
and so too does the pregnant uterus. Tlie skin on the other hand and 
the voluntary muscles, with certain notable exceptions, are largely 
deprived of effective circulation. The deprivation takes a singular 
form, regions showing it being interspersed amidst others in comparison 
excellently served by the blood as evidenced by the staining. The size 
and number of the patches in the skin varies directly vuth the degree 
of depletion and the length of time it endures. Their distribution is 
entirely unsymmetrical and they seem unrelated to the vascular 
patterning visible to the eye. In the muscles on the other hand there 
is a regular disposition of unstained and stained regions, the latter 
situate about vessels of a special, and not inconsiderable magnitude. 
Tire unstained regions have a diameter several times greater than the 
length of the individual capillary. Not all of the muscles suffer this 
neglect. The diaphragm, intercostals and tongue muscles continue 
to be excellently supplied by the blood, as the depth and evenness 
of the staining attest. 

Though blood service is remarkably well sustained in most of the 
abdominal organs there are certain significant exceptions. The spleen 
is largely, sometimes entirely, deprived of circulation, as shown by the 
failure of dye to enter it, and the urinary bladder, lightly colored in the 
controls, is often practically unstained in the bled animals. In the 
omentum pallid, ischemic regions are scattered irregularly amidst 
others well supplied from the blood as shown by their brilliant blue 
color. 

Obscroaiions with India Ink 

It has seemed important to determine the precise relation of the 
blood vessels to the ischemic patching just described. For this 
purpose we have resorted to india ink injections. A principal result 
of the work has been the recognition of how far the method falls short 
of demonstrating circulatory conditions within the body. 

The distribution of india ink by the blood stream has been followed by a host of 
workers. Krogh has made large use of it in his studies of capUlaiy regulation. 
Our own observations with ink of the sort he emplo3'’ed (Pelikan Perl Tusch, 
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Gunther Wagner), dialyzed against Ringer’s solution and filtered in the way he 
describes (22), would seem to indicate that his findings were obtained in the face 
of serious technical draw-backs. When the amount of ink that Krogh employed 
is injected intravenously into a rabbit or a guinea-pig, and the vessels of the ear 
are watched under a microscope, one can perceive that the foreign particles tend 
to agglomerate into lumps as they are carried along. These lumps soon lodge 
here and there within or at the entrance to capillaries, effectually blocking them. 
Using such material one can be certain only that where it passes the vessels are 
open. There is, fortunately, no diSiculty in demonstrating with it that many 
more such vessels are open in the diaphragm of the normal animal than in most of 
the other skeletal muscles, a phenomenon emphasized by Krogh. But to assure 
oneself that where the ink does not penetrate no circulation had existed is quite 
another matter. And this holds true even when an ink far better for the purpose 
is used, Higgins’ American Dra\ving Ink (non- waterproof), dialyzed against 
Ringer’s solution, filtered and centrifuged — the last two processes being imneces- 
sary in our experience. On injection of this the particles can be seen to circulate 
separately during the brief period before they are removed from the blood by 
the sessile phagocytes. 

Normal white animals receiving either Higgins’ ink, or Pelikan 
Perl Tusch, become transiently gray. We had supposed that in 
depleted ones patchily but intensely colored with brom phenol blue, 
injected ink particles would pass into the stained regions of skin and 
muscle in sufficient quantity for histological recognition if the animals 
were killed while they still circulated. But this did not prove to be the 
case. To all intents and purposes the particulate matter was shut off 
from the organs mentioned, and this proved to be the case as well in 
animals that had been merely depleted, not stained. The skin did 
not turn gray anjnvhere. The abdominal viscera on the other hand 
were dark wdth ink, except for the spleen whicli contained practically 
none. The liver was black with that which had been taken up by the 
Kupffer cells. In contrast to the pallid state of the skin generally, the 
tip of the nose, and the pads were gray with ink, l 3 ing doubtless within 
the arterio-venous anastomoses there known to exist (23, 24). The 
quantity injected was onlj’’ 2i cc. per kilo, because of the need to avoid 
large increases of the blood bulk. Further findings will be detailed in 
a succeeding paper. 

DISCUSSION 

Tlic method of the present work would seem to be validated by the 
disclosures it has jielded. The alterations we have observ'ed in the 
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service rendered by the blood to the skin, muscles, and certain other 
organs of the depleted animal cannot be apprehended by ordinar>' 
laboratory procedures; nor are they demonstrable with india ink. In 
animals depleted by large hemorrhages a rapid and deep staining occurs 
in some regions (lips, gums, tip of the nose) which under such condi- 
tions in unstained animals appear wholly bloodless; and furthermore 
staining occurs in skin regions to which india ink particles are not 
carried by the blood. It seems probable that in some of these situa- 
tions only a stained plasma ma.y have circulated, red cells being re- 
moved by the “skimming” that Krogh first described. Tlie great 
diffusibility of the dyes we employed proved in some ways a disadvan- 
tage; for they were so readily distributed that only drastic reductions 
in service to the tissues were recognizable with their aid. To appre- 
ciate less considerable changes it will be necessary to employ vital 
stains that do not leave the blood so rapidl3^ 

Can it be said that where brom phenol blue failed to go all inter- 
change between the blood and tissues had ceased? Scarcely. For 
Patent Blue V gradually penetrated where brom phenol blue did 
not. And carbon dioxide, wliich passes through the tissues with 
unexampled ease (25), reaches situations inaccessible to other sub- 
stances. To all intents and purposes nevertheless the circulation ‘ 
had ceased to be effective in the skin areas whicli brom phenol blue or 
phenol red failed to penetrate. For an acidosis developed in such 
areas, one referable to the local accumulation of acid metabolites 
(26). 

In appraising our results a first question is, how far they were 
conditioned by special affinities of the dyes employed? By employing 
several of highly different constitution we have tried to minimize this 
factor; but in another and better way it has been proven unimportant, 
namely by following the process of decolorization. Those organs 
which stain most rapidly and deeply with brom phenol blue are, with 
exception of the liver and kidneys, — ^which actively excrete the dye, — 
precisely those which lose color soonest, as could scarcely happen were 
it fixed upon them as result of a special affinity. The gastro-intestinal 
tract and the diaphragm become colorless long before the skin does. 
Brom phenol blue stains the media of arteries with a special intensity; 
but even here decolorization does not lag notably. 
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A principal alteration in blood service after hemorrhage is a pe- 
ripheral vascular shut-down, the blood supply to the viscera being 
maintained at the expense of that to the superficial tissues and the 
muscles. This readjustment has long been recognized as one of the 
means whereby the vital forces are conserved in individuals “bled 
white.” Other changes disclosed by the staining method impress 
one with their purposefulness. Not all of the abdominal organs con- 
tinue to be well served by the blood. Those which are essential, and 
which can be safely neglected, — the omentum, urinary bladder and 
spleen, — are neglected. By contrast the whole gastrointestinal tract 
— from which alone help can come to the organism under natural 
conditions, — continues to be well served. Special mention may be 
made of the maintenance of the circulation to the gall-bladder, since 
the realization is recent that a very active resorption takes place 
through the walls of the organ into the blood and lymph. Even the 
esophagus and fauces are well served, and the gums and lips are much 
better maintained than is the skin. The red bone marrow continues 
to be excellently supplied with blood, though situated within limbs 
that are for the rest largely deprived of it. 

The amount of blood which would be conserved to the organism 
were there complete ischemia of the skin is but slight (2 to 3 per 
cent) (27), but the saving of heat is far more considerable. And the 
cooling of the neglected tissues lessens the formation of waste products 
within them. In the voluntary muscles, large, enduringly bloodless 
patches do not develop as in the skin, but there is a regular arrange- 
ment of smaller ones into which a certain amount of diffusion gradually 
occurs, as shown by the findings with Patent Blue V. But not all of 
the muscles suffer in this way. Those which are essential to respira- 
tion (diaphragm, intercostals) and to swalloning (tongue muscles) 
continue to be well served by the blood. The question %vhether this 
is true because these muscles go on working need not be taken up at 
the moment, though the fact may be mentioned that the muscles of 
the tongue continue to be well served from the blood, as shoum by a 
diffuse, deep staining, even when the organ lies flaccid in animals 
anesthetized through a tracheal cannula. 

Under normal circumstances much more stain has been found to pass 
from the blood into the tissues of the gastro-intestinal tract than into 
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the skin and muscles. Numerous reasons for this can be thought of. 
The amount of blood passing in a unit of time through the skin and 
resting muscles is many times less than through the portal circulation. 
Capillaries are far more numerous in the viscera while further- 
more a great proportion of those existing in the skin and resting 
muscles are ordinarily shut. There is an active flow of Ijonph from the 
blood into the mesenteric Ijrmphatics, but practically none into the 
lymphatics of resting muscles (28, 29), whence it follows that a dye 
circulating in the blood penetrates into the muscles only by diifusion, 
whereas the process of distribution to the tissues of the gut is actively 
aided by a streaming of fluid out of the vessels. Furthermore the dis- 
tribution to the gut is aided by a high capillary blood pressure, and the 
barrier offered by the capillary wall itself is imperfect, as shown by 
the presence of blood proteins in lymph collected from the mesenteric 
channels (30). Considering all this one cannot wonder that the 
stomach and intestines ^owed a specially intense and rapid staining 
with vital dj^es. 

From what is known of the physiological readjustments which take 
place in the bled animal one might expect the staining in tlie gastro- 
intestinal tract to disclose wide deviations from the normal. The 
capillaries of the region are known to be actively contractile; and a 
narrowing of the portal cliannels through vaso-constriction is deemed 
one of the most important compensatory changes occurring when the 
blood volume is diminished (31, 32). Even losses of blood which do 
not suffice to lower the arterial pressure cause some blanching of the 
intestines (Starling); and when such a lowering has taken place the 
rate of formation of lymph in the gut and liver is markedly reduced 
(33). Not a few functional conditions have been described in which 
blanching of the -intestines was so great that the tissue seemed to all 
intents and purposes bloodless. For every a priori reason, then, e.x- 
cept the teleologic, one might suppose that blood service to the gut 
after hemorrhage would be greatly lessened, perhaps to the extent of 
ceasing in some regions. But the dye experiments showed quite 
another state of affairs to prevail. Staining of the gut, gall-bladder 
and liver was always deep, though the animal was at the extreme of 
depletion and was killed but a few seconds after the dye injection; and 
the staining was diffuse save occasionally in the muscularis of tlie 
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stomach where an ill-defined blotching could be made out. The 
mesenteric lymphatics were always distended with deep blue fluid. 
The pancreas likewise was colored as usual. One must conclude that 
the compensatory constriction was never so great as to interfere 
seriously with blood service to the digestive organs. 

Mention has been made of the fact that the staining of the intestine 
where it was stretched over fecal masses was of precisely the same 
intensity as in the empty, contracted segments l)dng between. The 
pressure condition where feces distend the gut is probably much like 
that in the full bladder, of which Sherrington remarks (34) that it 
“enfolds its contents in the same light grip whether these contents 
be ample or little.” Owings, McIntosh, Stone and Weinberg (35) 
have ascertained that in normal dogs the greatest intraintestinal pres- 
sure is equivalent to only 2-4 cm. of water. 

The amount of dye injected into the depleted animals was the same 
as in normal ones. Since the blood volume had been reduced by nearly 
half in most instances, it follows that the dye drciflated in unusually 
great concentration. The intensity with which the abdominal viscera 
stained despite the untoward conditions, must be attributed in con- 
siderable part to this cause. But it will not explain the patching of 
the omentum, the more or less complete failure of the urinary bladder 
to stain, or .the neglected state of the skin and muscles, which, so far 
as they received blood at all, received the same sort as did the viscera. 

Starling has pointed out that normally absorption goes on from the 
digestive tract irrespective oi whether there is a body need for the 
materials absorbed, the sole recourse of the organism being a regulation 
through the excretory organs which remove at an appropriate pace that 
which has been taken into the body willy-nilly (36). It is plain from 
our findings that even when the blood bulk has been diminished to 
the limit of tolerance, adequate circulatory conditions are maintained 
for absorption from the gut, a process which frequently acts to sustain 
life. Robertson and Bock have proved that salt solution introduced 
into the intestine is far more effective in permanently restoring the 
blood pressure of human beings after hemorrhage than when it is 
thrown directly into the circulation or injected into the tissues (37). 
The reason for this is not yet clear. 

The dyes we have used are rapidly excreted into the bile; and this 
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of course makes for a deep staining of the liver. Even mthin. so 
brief a period as three minutes after the injection of brom phenol blue 
or Patent Blue V, much dye had reached the fmer bile ducts. The 
dyes yielded no evidence that after hemorrhage some hepatic regions 
were better off than other^. Yet the vaso-motor regulation within 
the liver is far from negligible (38); and a “stroking reaction” can be 
elicited on the surface of the organ, like the cutaneous one so mucli 
studied (39). In view of all this one of us has made a special study of 
the character of the hepatic blood service after hemorrhage. The 
results are detailed in the paper wliich follows. 

The mackerel-sky or lattice work staining in the muscles of bled 
animals was obviously related to the arrangement of the vascular 
tree. That it was largely dependent upon contraction of the ves- 
sels, was shown by experiments in which vaso-constriction was pre- 
vented from occurring in the muscles of 'a leg by cutting the 
nerves to it just prior to injection of the dye. In the muscles of a 
limb so treated staining took place diffusely whereas in those of the 
control leg the usual mackerel-sky patterning was found. Our many 
experiments of the sort will be described in detail on another occasion. 
Not infrequently normal, stained cats and rabbits exliibited traces of 
the patterning here or there, more especially in the gracilis and quadra- 
tus lumborum. It may with good reason be attributed to that partial 
vaso-constriction on which maintenance of the normal blood pressure 
depends, but there are other important conditioning factors as will 
be shown subsequently. In not a few cases, just before the intro- 
duction of the dye an equivalent amount of blood was removed from 
the circulation. There was no more pronounced patterning in such 
instances. 

The factors responsible for tlie patching of the skin are less readily 
to be explained. They too are dealt with in a subsequent paper. 
The possibility 'has already been ruled out (40) that the patching 
depends on a differing intrinsic permeability of vessels of like mag- 
nitude supplying tissue of the same general sort, a difference becoming 
effective only Avhen the blood flow has been cut down by vaso- 
constriction. 

Some foreshadowings of the changes we have observed in the service 
to the tissues after depletion can be foimd in previous work. Meek 
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and Eyster , watching directly the circulation in the dog’s ear , noted that 
after a considerable loss of blood there suddenly occurs an active con- 
traction of the capillaries and small venules (41). They suggest that 
possibly “when the circulation is at the breaking point as it is when the 
bleeding equals 2 per cent of the body weight the venules and capil- 
laries are constricted in widespread areas.” The pronounced restric- 
tion of blood service occurring in the skin and muscles under such 
conditions is not uniform, as our experiments show, some regions 
being still fairly served while neighboring ones are wholly passed by. 
Langley (42) noted that the circulation continues through a few 
arterioles in the muscles of the frog after hemorrhages severe enough 
to stop it in the generality. He believed that a similar state of affairs 
would be found to exist in mammals. Gesell and Moyle (43), who 
ascertained the volume flow through the muscles of dogs repeatedly 
bled, found that at late stages of the gradual depletion it was reduced 
to an extent out of all proportion to the drop in blood pressure. 

The vascular shut down in the spleen after hemorrhage is no new 
phenomenon (44). One may contrast therewith the state of affairs in 
the red bone marrow as disclosed by our experiments. Not only does 
dye still reach this tissue in quantity but India ink does as well. 

The conditions as concerns blood service to the kidney under patho- 
logical conditions are complicated and we have made no attempts 
to study the organ. Richards states that relatively few kidney glo- 
meruli are open to the circulation in frogs that have lost blood but that 
the number can be greatly increased by restoring the blood bulk (45). 

SUMMARY 

The spread through the living animal of various highly diffusible 
dyes has been utilized as an indicator of the ability of the circulation 
to scr\fe the tissues under various conditions. The method is direct 
and searching. Blood service to the viscera, as demonstrated by it, 
is normally far more profuse than to the skin and muscles, for evident 
ph 3 ’^siological reasons. After hemorrhages which greatly reduce the 
blood bulk serxdce to the viscera is in general still well maintained 
even though the animal be in cxlrcmis. However great the compensa- 
tor}' contraction of the splanchnic vessels maj’’ be, — and physiologists 
have long supposed it to be very great,— it certainly does not suffice to 
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hinder blood service an}nvliere in the digestive tract. On the other 
hand the service to certain unessential abdominal organs (spleen, 
omentum, urinary bladder) is cut off in large part or wholly; and in 
comparison with the essential viscera, the skin and most of the skeletal 
muscles of the bled animal are largely deprived of circulation. Tliis 
neglect takes a curious form, some regions being still fairly served by 
the blood while others next them are no longer ministered to. In tlie 
skin the areas served, or not served, are highly irregular but are to 
some extent determined in situation by local pressure factors. Within 
the muscles the neglect is orderly in arrangement and is largely refer- 
able to compensatory vaso-constriction. Certain of the muscles, those 
used in respiration and in swallowing, furnish significant exceptions to 
the general rule, being excellently served despite the serious general state. 
The red bone marrow of the depleted organism continues to be well 
served by the blood even though situated in limbs that are, for the 
rest, almost devoid of a circulation. The pregnant uterus also is ex- 
cellently maintained despite the serious general state. 

The changes are such as would tend to conserve tlie forces of tlie 
depleted organism and to contribute to its recovery. 
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EXPLANATION OF PLATE 8 

Fig. 1. Skin of the side of a white cat injected with brom phenol blue after 
reduction of the blood volume by repeated bleedings under ether. The brilliant 
blue and white mottling b only moderately well shovm in the photograph; yet the 
contrast is sufficiently great to suggest that the white patches were raised above 
the blue, as was not the real case. The hair had been removed by shaving. 

Fig. 2. Reflected skin of the same cat showing three parallel distributions to 
the subcutaneous tissue from the scries of lumbar vessels. Some of the blue 
patches in this tissue occupj' the regions supplied by one or another of the second- 
arj- arterial branchings; but of others this is not true. Three branches that 
correspond in situation arc indicated by arrows. Two of them run to colorless 
patches whereas the third enters tissue that is heasaly stained. 
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II. The Service to the Liver and Digestive Tract after 

Hemorrhage 
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Plate 9 
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The service rendered to the various organs by the blood can be 
gauged by the distribution to them of diffusible vital stains. In a pre- 
vious study by the method, there have been observed certain well- 
marked alterations occurring after the blood bulk has been reduced by 
hemorrhage. The service to the organs immediately essential to 
life and to recovery (heart, lungs, respiratory muscles, alimentary- 
canal, liver, red bone marrow) was maintained at the expense of that 
to certain others (skin, voluntary muscles in general, spleen, urinary 
bladder). But these latter organs, — with the exception of the urinary 
bladder and sometimes of the spleen, — did not suffer to an equal degree 
throughout, regions in which the circulation was ineffective being 
interspersed amidst others still served by the blood, as shown by the 
stain that entered the tissues. It has seemed possible that a similar, 
if less pronounced, patchy neglect might after all have been present 
in the splanchnic -viscera that appeared well and uniformly served, a 
neglect masked by rapid diffusion of the dyes, or by a rapidly inter- 
mitting circulation, now to this region and again to that. The 
present work was undertaken to cover the point thus brought up. 

One does not have to look far in the literature to find that the vessels 
of the gut and liver are sufficientlj’- contractile to render the assumption 
reasonable that a functional ischemia maj' exist in these tissues on 
occasion. 

Mall showed in 1892 that during stimulation of the splanchnics the blood flow 
from the systemic arteries to the portal vein is greatly cut down. There occurs 
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also an active contraction of the portal twigs within the liver (1). These observa- 
tions on vasomotor activities within the hepatic tissue have been repeatedly 
confirmed (2). In anaphylaxis of the dog an interference with the circulation 
through a spasm of the small hepatic vessels leads to the cliaracteristic drop in 
blood pressure (3) . Mautner and Pick (4) have adduced experiments to show that 
the liver of cats possesses a meclianism whereby contractile spasm of the liver 
capillaries is produced. According to these authors the action of epinephrin or 
barium chloride upon the vessels causes obstruction to the blood flow through the 
cat’s liver as not through that of rabbits. Ebbecke brought about a capillary 
dilatation with edema on stroking the hepatic surface, whicli he deemed compar- 
able with the cutaneous stroking phenomenon that has of late been so much 
studied (5). 

The fact is well attested that contraction of the portal bed through vaso-con- 
striction is largely responsible for the maintenance of blood pressure after hemor- 
rhage. Krogh has advanced evidence on this point (6). Starh'ng states that a 
loss of blood too slight to reduce the general blood pressure will cause blanching 
of the intestines (7). In experiments upon some lower forms an extreme blanch- 
ing has been elicited in various ways. Bayliss states, in spmmary of general 
knowledge, that the innervation of the abdominal viscera is predominant!}’’ vaso- 
constrictor whereas that of the peripheral tissues is vaso-dilator (8). And yet, 
if one may judge by observations from our laboratory, the vascular readjustment 
which takes place after large hemorrhages in cats and rabbits, cuts down and may 
almost abolish the eflfective circulation to the periphery while interfering but little 
with that to the viscera. 


M ethod 

For the present work India ink was mainly employed. It was mixed with a 4 
per cent solution of brom phenol blue or preceded by an injection of the stain, or 
of phenol red, when information was desired of the state of blood service to the 
skin and muscles. Though this is briUiantly disclosed with the dyes it cannot 
be with ink, which, in animals that have been bled, frequently fails entirely to 
reach the tissues mentioned. Higgins’ American Drawing Ink (non-waterproof) 
was employed. For injections during life this is far superior to the Pelikan 
Tinte (Gunther Wagner) so much used by Krogh, since the particles circu- 
late separately, not in agglomerates of various size. The ink was dialyzed against 
Ringer’s solution for some days and was then both filtered and centrifugalized, 
processes which separate out few if any particles. cc. per kilo was introduced 
at body temperature into a vein, during the course of one minute. There followed 
only the rise in blood pressure which an equivalent amount of salt solution would 
have produced. The animals employed were rats, rabbits and cats. In some of 
the early work general anesthesia was induced with urethane, but this proved 
unsatisfactory for reasons to be given later. Light ether was employed with all 
of the cats and they were bled from a cannulated a.xillary vein. Rabbits can be 
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repeatedly bled from the carotid under a local anesthetic (9), but most of those 
employed were etherised. Kymograph records of the blood pressure were taken 
in many cases. The rats were bled from the carotid while under the influence of 
urethane or ether. 

To learn the distribution of the ink in the stomach and intestines direct inspec- 
tion during life was necessary; for needless to say much of it might be forced here 
and there through post-mortem contraction of the vessels. So rapidly are the ink 
particles removed from circulation by phagocytes sessile within various organs that 
the inspection has to be carried out within the first minutes after the injection. 
For these reasons the animals used for the study of the gut were under general 
anesthesia; and in order to rule out the effects of exposure, the abdomen was opened 
only when the time had come to look at the organs. In the case of the liver the 
state of affairs could be studied at leisure after the animal had been killed, — by 
exsanguination from the carotids, or by decapitation in the case of unanesthetized 
rabbits; for the ink is so rapidly taken out of the blood by the Kupffer cells that 
the amount of phagocytosis will serve as an index to blood service. But in order 
to rule out a possible post-mortem distribution of the ink, with such phagocytosis 
as result, it was essential to remove the liver from the body immediately upon 
death. Livers thus treated empty themselves of blood as they do not when they 
have been left in situ for even a few minutes with the large vessels uncut (10). 
In the present work the capillaries regularly proved empty. Microscopic prepara- 
tions were obtained with the Valentine knife or the freezing microtome, and 
cleared in glycerine. If there was brom phenol blue in the organ, the complication 
of its intense blue hue was done away with by placing the sections in a solution 
possessing that slight degree of acidit)' necessary to turn the phthalein yellow. 

The Maintenance of the Liver 

In a series of preliminary experiments urethanized rats were bled 
repeatedly from a carotid; injected with ink; killed after various brief 
periods of time; and compared with controls merely receiving ink. 
It was a surprise to find that under these circumstances the spleens of 
the depleted rats contained as much ink as those of the controls; for 
Barcroft has proved that the spleen contracts after hemorrhage. Our 
finding was traced to the urethane, which acts to prevent contraction of 
the spleen, as Henning show'cd (11). WTien the rats had been bled 
under a local anesthetic, almost no ink reached the spleen. It 
was eveo^vhere equally distributed to the liver lobuli, irrespective of 
the character of the anesthesia; but in the bled animals the peripheral 
Kupfier cells contained vastly more than did Uie central ones, — which 
was not the case in controls. In rabbits that were depleted under 
light ether a pronounced splenic contraction occurred, as proved both 
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by tlie appearance of the organ and the almost complete failure of ink 
to enter it. The rabbit liver on the other hand showed an abundant 
and even distribution of ink to all of the lobuli, but within these units 
the same pronounced divergence from tlie normal was observed as in 
rats. The peripheral Kupffer cells were swollen witli phagocyted ink 
particles, while those further in had less and less the nearer they were 
to the center. Identical findings were obtained when the bleedings 
had been carried out with the help of local anestliesia. 

In all of tlie foregoing instances depletion was puiposely carried 
far, about half of the blood being taken as a rule. Sometimes 20 min- 
utes had elapsed between the last bleeding and the ink injection, some- 
times a less period, tlie plan being not to exhaust the activity of 
the vaso-motor center. Tlie unanestlietized rabbits maintained the 
ordinary croucliing posture. In every instance in which brom phenol 
blue had been mixed with the ink a pronounced patchy iscliemia of 
the peripheral tissues was disclosed. 

Identical findings were obtained in cats bled and injected under 
light ether, save for the fact tliat the ink was almost evenly distributed 
to tlie phagocytes within tlie hepatic lobuli, just as in the controls. 
Only when the depleted cats were sacrificed vdthin a few seconds after 
the ink injection, with result tliat but little had been phagocyted, was 
more visible in the peripheral Kupffer cells. 

The Service Rendered by the Hepatic Artery 

The existence of two sources of hepatic blood renders uncertain the 
interpretation of the foregoing observations. That the two vascular 
trees supplying the hepatic tissue differ in their vaso-motor responses 
is known (12); and it might well be that the effects of a contraction 
of portal radicles here and there would be masked by a freer flow from 
the end arteries, or vice versa. For this reason observ^ations were 
made on the distribution of ink after diversion of the portal stream 
from a part or all of the liver. 

In some etherized cats and rabbits the brandi of tlie portal vein running to the 
“main liver” — the mass lying between stomach and diaphragm — was tied, the 
result being that all of the portal blood was diverted through the “lobe mass” 
tlie right posterior and caudate lobes. This abrupt change in the path of the blood 
is well tolerated bj’' the organism, as an abundant experience has shown (13 ) ; and 
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in the course of the present work it has been observed- to have no eSect on the 
carotid pressure. Needless to say the necessary operation was performed with 
the least possible tramna and exposure of the viscera, only a short segment of the 
vein being dissected free for ligation.* The hepatic artery, in special, was not 
toudied; and it was seen by direct inspection to continue to beat strongly. The 
abdomen was then closed with a running suture in two layers. After 2 to 18 
niinutes had been permitted to elapse, for purposes of readjustment within the 
organism, the bleedings were carried out as usual, and ink injected. When the 
gnimal was killed a little later the lobe mass was foundcoal black with phagocyted 
ink particles whereas the main liver was of a light or dark brown. In both portions 
of the organ the ink bad been evenly distributed to the lobuti. To control the 
effectiveness of the ligation milk was injected under pressure into the portal vein 
below the tie. It flowed only into the lobe mass. 

One of the animals, a rabbit, had been vitally stained with phenol red just prior 
to the portal diversion and its body surface had colored a uniform red. After the 
bleedings, at the time of the ink injection, the surface had become pronouncedly 
patched with buff upon red, plain evidence that there existed in the superficial 
tissues local areas of outlying acidosis, such as result from an ineffective circulation. 

In some additional experiments (on rabbits) a preliminary operation was per- 
formed to induce a development of portal collaterals by partial obstruction of the 
flow to the liver, after Drury’s modification of Moskowitz’ method (14). Some 
weeks later when the collaterals were well developed the portal vein was completely 
tied off under ether. There resulted no alteration in the carotid blood pressure. 
After a brief interval to allow for readjustments the animal was depleted by suc- 
cessive bleedings according to the usual method, and ink, or ink and brom phenol 
blue, was injected. On sacrifice it was found that the effective blood pressure uith- 
in the liver had been so greatly lowered by depleting the blood bulk that the slight 
pressure exerted on the organ by the stomach or ribs of the prone animal had 
sufficed to prevent the ink from entering certain regions. Elsewhere, though, it 
had been distributed evenly to the lobuli by the hepatic arterj’. The milk test 
showed that the portal stream had been wholly diverted from the liver. 

In a final experiment the portal vein in a normal male cat weighing 3025 gm. 
was tied off, with result, of course, that the animal gradually bled into its own 
splanchnic vessels, the blood accumulating in the portal regions back of the ligature. 
The abdomen was closed as usual. The carotid blood pressure sank progressively 
and within 8 minutes the mucous membranes of the mouth, previously pink, had 
become pallid. After 18 minutes the animal was bled 20 cc. from the carotid 
cannula to hasten the depletion. After 35 minutes the carotid blood pressure was 
verj- low, having fallen from 150 mm. Hg prior to ligature to 40 mm. Hg. Now 


* Tiic separation from its sheath of the portal vein of the cat or rabbit is a nice 
procedure, best accomplished after longitudinal incision of the sheath, by pressure 
with a pledget of cotton or gauze held in the grip of a mosquito forceps.' 
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8 cc. of ink was injected intravenously during 35 seconds. The skin failed to 
color with it at all, but the mucous membranes of the mouth became gray in 
patches. 19 minutes later both carotids were cut. But little blood came away,' 
nearly all having collected in the portal viscera, behind the h'gature. The liver 
was slaty black with ink which had been evenly distributed to the lobuli by way 
of the hepatic arter)\ There was slightl}' more in the peripheral Kupffer cells 
than near the center. The milk test showed that the ligature had been occluding. 

These experiments demonstrate that arterial blood is uniformly 
distributed within the liver even when the organism is at the extreme 
of depletion. 

The Service Rendered by the Portal Vein 

The literature on contraction of the portal radicles within the liver 
has already been reviewed. There is much to indicate that it exerts 
an important regulatory influence on the blood supply to the heart, 
notably after hemorrhage. The following tests were designed to 
show whether under such circumstances some parts of the hepatic 
tissue are served by the blood and others neglected. 

In etherized cats and rabbits the hepatic artery was dissected free and h’gated, 
at a single point in the earlier experiments, in the later at two points, above and 
below the origin of the A. gastro-duodenalis, in order to prevent all flow through 
collaterals. Two ligatures were placed at each situation, the abdomen was closed 
as usual, and bleedings and injection were carried out in the ordinary way. It was 
found, after the bleedings, that the intrahepatic blood pressure had been so greatly 
lowered that the sh'ght pressure of the ribs sufficed to prevent the blood-laden ink 
from entering the tissue lying next them. Elsewhere, though, it was regularly dis- 
tributed to the lobuli. The milk test showed that the ligatures had wholly cut off 
the arterial flow. 

Again no evidence was encountered of a patchy maintenance of the 
hepatic tissue in animals with a reduced blood bulk. Some little arterial 
blood may have reached the liver by way of the diaphragm. The supply 
of arterial blood from this source is so small in the rabbit that necrosis 
of the liver and death regularly follow ligation of the hepatic artery. 
In the dog the supply is sufficient to avert this catastrophe. 

The Service Rendered to the Intestines 

When white animals (rats, rabbits and cats) are injected with ink 
after marked reduction of the blood bulk the body surface does not 
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become ashy gray as in normal controls. So few ink particles reach 
the skin and muscles that the regions of total ischemia in these tissues 
cannot be discriminated with their aid. As the foregoing experiments 
on the liver have sufficiently shown, they circulate in abundance 
through the portal bed. Special care Had been taken in these experi- 
ments not to e^ose the intestines, in order to avoid vaso-dilatation 
due to trauma. The short incision necessary to tie one or the other of 
the hepatic vessels had been made high up to the left of the mid-line 
where only the upper surface of the stomach and the under surface of 
the liver came into view. Nevertheless a dilation of the capillaries 
of the gastro-intestinal tract sufficient to let ink through into the 
portal vein might have been an indirect result of the operative proce- 
dure. To learn whether m the absence of any such stimulus these vessels 
let ink through, as further to find whether they are patent everywhere, 
some animals were not laparotomized until after ink had been placed 
in circulation. The examination was made during the brief interval 
before the particles had been taken out of the blood; and heed was 
given only to the condition when the gut was fiirst esposed. The 
animals had been fasted to rule out all possibility of the digestive 
hyperemia described by Bier. The stomach and small intestines of 
the cats were empty. In rabbits the stomach and large bowel were 
still distended ufth roughage after several days fasting. 

Always it was found that despite the preliminary^ depletion 
the intestines and stomach were uniformly gray with circulating 
ink; and the blood of the portal trunk black. Such vascular con- 
traction as may have taken place in readjustment for the blood loss 
had nowhere closed off the capillaries to such e.xtent that ink particles 
could not course through them; and there was no sign of a patchy 
distribution of the material. The findings confirmed those with 
diffusible dyes (15). It can be concluded that such compensatory 
contraction of the small vessels of the alimentary canal as may occur 
after hemorrhage does not anjTchere even nearly shut these vessels, 
and that the service rendered by the blood to the tissues is far less 
affected as a whole than is that to the skin and muscles. 

CoiitraciUHy of the Vessels of the Alimentary Tract 

That the failure of the small vessels of the alimentary' tract to 
undergo an occlusive contraction after hemorrhage is not due to any 
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inherent inability to contract has been shown by tests with epinephrin 
and pituitrin. After one of these has been given intravenously the 
blood supply to certain portions of the bowel may be so completely 
cut off that highly diffusible dyes fail to stain them. Service to the 
liver, though, as judged by this criterion, is still, well and evenly 
maintained. 

A sufficient amount of 1-1000 solution of suprarenin (Metz) (0.05 cc. per kilo, 
diluted with an equal part of 0.9 per cent saline) was injected into a vein of rabbits 
or cats to cause a great rise in the carotid blood pressure, and while this rise still 
endured brom phenol blue in tlie quantit}' usual for vital staining (16) was run 
into the circulation. As a rule a little of the suprarenin solution was mi.'red 
with it, the object being to sustain the high blood pressure. To avoid the 
possibility of cardiac default under the conditions the d 3 fe was injected 
more slowly than usual, in the course sometimes of as much as 2f minutes. 
In rabbits the blood pressure rise was succeeded by an irregular fall toward the 
previous level throughout the subsequent period of 3 to 4 minutes before the animal 
was killed. In cats on the other hand vagal inhibition of the heart beat caused 
the pressure to drop before it had risen very far, and frequently brought it below 
the previous normal. This, of course, did not mean that vaso-constriction had 
been relaxed. At tlie time when the carotids of the anesthetized rabbits were cut 
they were hugely distended, their diameter being often twice the normal,— -clear 
evidence of a peripheral obstruction to blood flow. 

In both the species used the service rendered by the blood to the 
skin and muscles was greatly interfered with by the action of 
epinephrin, as shown by the slow, slight, and irregular staining. 
The small intestine, colon, and rectum on the other hand 
stained as well as normally, becoming deep blue within so 
short a time as a minute after the dye injection. The liver and 
gall bladder were also rendered diffusely blue and the phthalein 
promptly appeared in the bile. On the other hand the mucosa of tlie 
stomach of rabbits showed large, pallid, serpiginous areas on a blue 
ground. These contained neither dye nor blood. They had no 
obvious relation to the vascular arrangement, and the overlying muscu- 
laris was as well stained as ordinary. The caecum showed irregular 
unstained patches involving the whole thickness of the wall. These 
likewise were unrelated to the patterning of the vessels. In cats such 
evidence of visceral ischemia was wholly lacking, although in skin, 
muscles, and omentum it was pronounced. The cat spleens were not 
contracted whereas those of the rabbits were. 
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Very singular was the condition of the mesenteric lymphatics of 
the rabbits. Their contents became colored with blue as rapidly and 
deeply as ordinary; but after this had, occurred the epinephrin must 
have induced an irregular spasm of the lymph channels themselves, 
the consequence being that they had the appearance of broken seg- 
ments of blue thread, or,— in cases in which they were larger, with 
bulgings between the valves, — of irregularly contracted blue- tape- 
worms. So great had the spasm been in two animals that the channels 
had ruptured in numerous places near the gut and there were spreading 
extravasations of blue lymph. Falta and Priestley (17) have made 
injections comparable to mine into dogs and have studied the vascular 
state by direct inspection of the organs. They found the intestines 
as a whole to be greatly blanched, and inferred that the circulation is 
diverted elsewhere. In 'my animals only the stomach and large 
intestine manifested any ischemia and in them its distribution was 
patchy. The interference with service to the gastric mucosa may have 
been attributable, in part at least, to contraction of the muscularis 
mucosae. Adrenalin stimulates this layer as it does not the muscularis 
proper (18). The ischemia involving the entire wall of the caecum 
can only be explained on the basis of vascular contraction. 

Pituitrin )delded far more pronounced findings. 

Two preparations were employed, Pituitrin (Obstetrical), Park, Davis and Co. 
and Infundin (Burroughs Welcome and Co.). As in the case of epinephrin, a 
preliminary intravenous injection was made to bring about vaso-constriction, and 
when a pronounced rise of the carotid blood pressure showed that this had taken 
place in the etherized animals brom phenol blue or Patent Blue V was run into the 
blood stream, — ^very slowly, else the heart failed and death occurred. For the 
pituitrin had caused an unexampled rise in the general blood pressure. At the 
time when the carotids were cut in order to kill the animal they were found dis- 
tended to double the ordinary diameter. In two unanesthetized rabbits in which 
the blood pressure was not ascertained, the same injection procedures were suc- 
cessfully followed and with the same effects, as disclosed at autopsy. The altera- 
tions in the service rendered to the tissues were profound. The skin and voluntary- 
muscles in general stained almost not at aU during the routine 3 rm'nute period 
after the dye injection (Figs. 1 and 2). The liver and gall bladder on the other 
hand were intensely and evenly stained and so too with the esophagus and small 
intestine. The stomach on the other hand was sometimes almost unstained 
throughout (Fig. 2), and again exhibited serpiginous pallid patches which were 
or were not limited to the mucosa. The large intestine sometimes showed 
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patching throughout and again was completely unstained. The omentum was 
marbled with stain or completely unstained. The spleen was sometimes blue, 
and again was contracted and not stained. The lymphatics deriving from the 
stained gut held deep blue fluid, whereas the contents of those from the pallid 
large bowel was colorless. No great contraction of any of these channels was 
discernible. 

Both the preparations employed caused an interruption of service 
to the stomach and large bowel as shown by the more or less complete 
failure of these viscera to stain. Tlie small intestine was by contrast 
deeply colored. The “Pituitrin” caused vigorous peristalsis with 
expulsion of feces, whereas the “Infundin” did not elicit this activity, 
tire feces being retained, and the stomach and bowel, examined 
before life had wholly ceased, sho%ving no abnormal contraction. 
It is conceivable that in some situations contraction of the muscular 
layer of the gut may have reinforced vascular contraction, witli result 
in the ischemia encountered. But staining with the dyes employed is 
so extraordinarily swift that even a temporary relaxation of the muscle, 
as during peristalsis, would have sufficed to permit it, especially since 
the blood pressure was abnormally high. The inference is that the 
ischemia was due to the same cause as that in the skin and muscles, 
namely to vascular contraction. 

It is possible that had the blood volume of the animals been reduced 
by bleeding just prior to the experiments, or had an amount of pituitrin 
been given which caused a less intense vascular contraction in the 
peripheral tissues some diminution in blood service to the small 
intestine might have come to light. The bloodless state of the skin 
and muscles has already been commented upon. With the narrowing 
of the circulatory channels everywhere the blood and tlie dye added 
thereto would inevitably be forced to the regions of least resistance, 
quite irrespective of whetlier the vessels within tliese regions, — which 
might well have been intestinal, — tended to contract. In our ex-peri- 
ments the lungs can scarcely have served as reservoirs for blood forced 
out from elsewhere. They were less stained even than ordinary. 
Room for some of the excess blood was obtained in the large vessels, 
as the distended condition of the carotids proved; and some was held 
in the dilated heart. But in the circumstances of the case, with even 
the vessels of the stomach and large intestine closed to some extent. 
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much blood' may have been foisted, so to speak, upon the small intes- 
tines'^and liver. Our interest did not lie in determining whether this 
was actually the case, but merely in the demonstration that the blood 
vessels in some parts of the gut, at least, are capable of such contraction 
as to prevent service to the tissues by way of them. 

COMMENT 

The experiments demonstrate that such vaso-constriction as may 
take place in the alimentary canal and liver to compensate for a lessened 
blood bulk never goes so far as to prevent the blood from rendering 
service to these organs. Not only do diffusible dyes continue to be 
rapidly distributed to them, but their capillaries fail to offer any 
obstacle to the passage of india ink particles. In contrast to the 
state of affairs in the skin and muscles, where well served regions 
are interspersed amidst others wholly neglected, the service to the 
hepatic parenchyma and the waU of the gut is evenly distributed. 
The maintenance of this uniformity was put to an extreme test in the 
case of the liver by cutting off the venous or arterial blood supply to 
the organ in animals with blood volume largely reduced. Under these 
circumstances the remaining stream to the parenchyma flowed with 
so little force that the slight pressure of ribs and stomachsuf&ced to turn 
it aside here and there, with result in patches of total ischemia. Had 
there been any local differences in the degree of constriction of the 
small vessels elsewhere in the organ surely these should have been 
evident in differences in the staining. None were observed, the lobuli 
being all served to precisely the same extent. Yet the existence of a 
vaso-motor mechanism within the liver is a fact that cannot be gain- 
said. One must suppose it to be so admirably balanced in the healthy 
animal that all parts of the liver share equally in the blood; for othef- 
■vvise local h>'pertrophy, and a concomitant atrophy, would occur (19). 
Mall observed that a colored mass injected into the freshly extirpated 
organ reaches the capillaries of the lobules everywhere at the same 
moment, and this no matter whether introduced by hepatic vein, 
portal vein or hepatic arten' (20). The present experiments prove 
that the regulation continues undisturbed during the compensatorj' 
readjustments which follow reduction of the general or local blood bulk. 
In view of all these facts the active hj-peremia followed by edema 
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(stroking phenomenon) ^Yhich Ebbecke elicited on the liver surface 
must be thought of as a distinctly pathological manifestation. 

It had seemed barely possible that under the circumstances of a 
general depletion the liver lobuli might be intermittently supplied with 
blood, the rate of intemiittence being so rapid that staining with a 
vital dye or the scattering of india ink to the Kupffer cells would soon 
appear to have been broadcast. To settle the point thus raised some 
animals were killed only a few seconds after injection of the test 
material. Even in them the findings showed an even distribution of 
blood to the individual lobuli, though within these units one could see 
that the cells first reached by the stain or ink particles, namely those 
at the lobular periphery, shared in these substances more abundantly 
than those nearer the central vein. In the case of normal annuals 
receiving ink, — which substance can be followed with special ease, — 
tills difference disappeared after a few minutes, the Kupffer cells all 
appearing to have shared equally in the particulate matter, even when 
the amount was small. So too witli cats which had been bled. In 
bled rabbits, on the contrary, there was a startling change in the 
distribution, almost all tlie ink particles being held in the peripheral 
Kupffer cells, which were swollen and black with the engorged material. , 
A number of reasons for tliis suggest themselves, amongst them that of 
the known differences in tlie intrahepatic vascular responses of the 
rabbit and cat (21). 

The maintenance of a well distributed and effective blood service 
to the gastro-intestinal tract after hemorrhage is necessary if the gut is 
to function in aid of recovery. Conditions would be doubly disastrous 
were service greatly cut down. Yet in view of all that has been written 
on intestinal blanching and compensatory vaso-constriction mthin 
the portal system after hemorrhage one might have expected some 
regions of local ischemia at the least. In this connection the demon- 
stration of a previous paper may be recalled, that blood service is often 
still going on in tissues which, to the eye, appear wholly bloodless. 

Bayliss has made the generalization that the vaso-motors to the 
viscera are predominantly vaso-constrictor in type, and those to the 
periphery vaso-dilator. While this generalization holds for the 
ordinary circumstances of life, certainly when the blood bulk is reduced 
the compensatory vaso-constriction is far more effective at the 
periphery than in the liver and alimentary canal. 
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SUMMARY 

The vascular readjustments in compensation for a greatly reduced 
blood bulk affect the service rendered by the blood to the gastro- 
intestinal tract and liver far less than they do that to the skin and 
muscles. Into these latter tissues india ink is carried almost not at all, 
whereas it circulates in quantity through the capillaries of the bowel 
and liver. Evidently vaso-constriction is much less effective in these 
viscera. Nowhere in them does one find a patchy ischemia like that 
so wide-spread in the peripheral tissues. Blood service is maintained 
to the same extent everywhere throughout the liver even when one of 
its two sources (hepatic artery or portal vein) is obstructed, and the 
intrahepatic blood pressure brought very low. 

A pronounced patchy ischemia of the stomach and large bowel can 
be induced by intravenous injection into normal animals of sufficient 
epinephrin to cause the systemic blood pressure to mount to an 
abnormally high level. Pituitrin used in the same way has a greater 
effect; blood service to the organs mentioned may be completely 
abolished by means of it. In both instances, though, service to the 
small gut and liver is still excellently and evenly maintained. 
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EXPLANATION OF PLATE 9 

Fig. 1 . Organs of an unanesthetized white rabbit receiving brom phenol blue 
intravenously and decapitated tw’o minutes later. 

Fig, 2. Organs of a white rabbit treated in tlie same way but receiving pituitrin 
four minutes prior to the stain. 

It will be seen that the skin of the right side of the pituitrin animal is unstained 
whereas that of the control was colored, and though the subcutaneous muscle 
(seen attached to the skin on the left side) was stained that of the control was much 
more deeply so. The stomach of the pituitrin rabbit tliough mottled with dye was 
largely unstained, whereas the stomach of the control was intensel)' colored. The 
small intestines of both animals were stained to the same great degree, but the 
caecum of the pituitrin animal showed some splotcli}’’, partial pallor. The blue of 
the animals photographed so poorly that the brilliant character of the differences 
is far from evident. 

Fig. 3, A more pronounced instance of pituitrin ischemia. The stomach of the 
rabbit injected with pituitrin followed by brom phenol blue has stained almost not 
at all, and so too with the descending colon, — which is recognizable by its content 
of fecal pellets. The small intestine, on the other hand, is intensely colored. 
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Karsner, Bunker and Grabfield (1) and others have demonstrated 
that removal of one-half the kidney substance in the dog results in a 
transient renal insufficiency with complete recovery in 1 to 2 days. 
It is apparent that the opposite kidney compensates for the loss. 
The majority of the published papers summarized by Hinman (2), 
deal with blood and urine findings and late hypertrophic changes. 
So far as we are aware, there is no work to explain the immediate com- 
pensation occurring after unilateral nephrectomy. 

Through the work of Richards and his collaborators (3) the concep- 
tion of periodic functioning of glomeruli has been placed on a firm 
foundation. Hayman and Starr (4) have demonstrated that in gen- 
eral, kidney volume, renal blood flow and urine elimination vary in 
direct proportion to the total number of open glomeruli. 

Method 

The technique of Haj-man and Starr (4) with some modifications was followed. 
Rabbits were used throughout. As indicated in the protocols ether anesthesia 
was employed in some, and in others section of the lumbar spine by the technique 
of Eckcr (5). 

In control animak the lower abdomen was opened, the intestines wrapped in a 
warm towel, the aorta isolated and clamped at the bifurcation and just below the 
renal vessek, a long slender glass cannula introduced into the aorta between the 
damps, the upper clamp removed and the cannula inserted so its tip was at the 
level of the diaphragm. The outside diameter of the cannula was approximately 
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one half of the internal diameter of the aorta. AVith the cannula in position, the 
superior mesenteric artery and coeliac axis were clamped and 0.75 cc. of 3 per cent 
solution of Janus Green B (Coleman and Bell) in 0.9 per cent NaCl solution in- 
jected under moderate pressure. The time elapsed during the injection averaged 
5 seconds. ^Vithin 10 seconds the left renal artery was ligated and the animal 
killed by a blow on the head or by ether. In some cases the left renal circulation 
was irrigated with saline and filled with 5 per cent ammonium molybdate. In 
others the left kidney was removed, cut in thin slices and placed in the molj'bdate 
solution. After death of the animal the right kidney was injected by the method 
of Nelson (6). 

In experimental animals, the right kidney with as long a pedicle as possible was 
removed through a lumbar incision. It was then injected supravitally with Janus 
Green for a determination of tlie total number of glomeruli. After a variable 
period, the left kidney was stained intravitally by the procedure outlined above 
for control animals. 

In the animals on which a sham operation was performed, the kidney region 
was exposed by lumbar incision, the kidney freed from its bed, the pedicle ex- 
posed, the whole replaced and in some cases a suspension suture placed in the 
capsule. After variable periods these animals were subjected to tlie same pro- 
cedure of intravital staining as the control and e.xperimental group. 

The whole procedure may be summed up as follows: One kidney is injected 
supravitally to determine the total number of glomeruli in one kidney of this ani- 
mal; the opposite kidney is injected intravitall)' for a determination of the number 
of glomeruli which are in active circulation during a period of 5 seconds under 
certain experimental conditions; and division of the latter by the former gives 
the percentage of open glomeruli. 

The counts were made after the general technique of Vimtrup (7). The cortex 
and medulla are separated and the weight of the entire cortex secured. From 
the cortex, 6 to 10 small samples are removed, pooled and accurately weighed. 
The total weight of these samples varied from one-tenth to one-sixth of the entire 
cortex. From the number of glomeruli in these samples of known weight, tlie total 
is secured by estimation. In some cases, microscopic sections were also prepared 
to determine the completeness of injection in supravital injections and to check 
the percentage injected by the intravital method. 

Rcsulls 

As shown in Table I, in seven adult rabbits, the percentage of open 
glomeruli varied from 44 per cent to 78 per cent with an average of 
63 per cent. In general those in which ether was used as an anes- 
thetic have slightly more than those with fractured spine anesthesia. 

After unilateral nephrectomy the percentage was increased to 91 
to 99 per cent with an average of 95 per cent (Table II). This 
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increase appeared in less than 24 hours and continued until at least 
10 days after nephrectomy. 


TABLE I 


Normal Controls 


Rabbit No. 

Supraintal 

Intravital 

Per cent 
open 

Anesthetic 

Kidney No. 

Count 

Kidney No. 

Count 

1 

■ ■ 

179,767 

46 

79,640 

44 

Section spine 

2 


185,769 

50 

101,193 

54 

Section spine 

3 

■ ■ 




78 

Ether 

4 


147,734 

72 

110,670 

74 

Section spine 

5 

76 

152,238 

75 


67 

Section spine 

6 

78 

138,406 

77 

92,386 

67 

Section spine 

7 

80 

149,134 

79 

98,210 

66 

Section spine 

Average 

63.5 



TABLE n 


Experimental 


Rabbit No. 

Supravital 

Interval m 
da^ after 
ncpnrcctomy 

Intravital 

Per cent 
open 

Kidney No. 

Count 

Kidney No. 

Count 

8 

93 

102,300 

1 

98 

99,700 

97 

9 

94 

132,750 

2 

99 

130,111 

98 

10 

t 95 

170,930 

3 

100 

165,453 

92 

n 

96 

135,670 

5 

101 

122,500 

90 

12 

97 

181,000 

10 

102 

178,420 

98 

13* 

54 

87,350 

1 

56 

80,222 

92 

14* 

55 

111,508 

2 

58 

101,538 

91 

15 

61 

172,331 

3 

63 

169,210 

98 

16* 

57 

68,620 

5 

60 

67,752 

98 

17* 

62 

96,250 

10 

64 

95,499 

99 

18 

126 

150,364 

1 

106 

156,217 

100 

19 

127 

154,782 

2 

107 

149,167 

97 


* Young animals, 5 to 7 months of age; remainder over 1 j-ear of age. 


The animals subjected to a sham operation (Table III) do not 
differ markedly from the normal controls. The open glomeruli varj' 
from 51 per cent to 75 per cent t\-ith an average of 64 per cent. 
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DISCUSSION 

There are certain points in the technique which need further com- 
ment, in order to validate the results. 

Janus Green B is known to be a powerful vaso-constrictor and it is 
possible that it might cause such constriction that the results are not 
those present in life. Hayman and Starr (4) used India ink and ob- 
tained the same figures. Further, their results with salt and with 
caffeine, as well as the results here described following unilateral 
nephrectomy, prove that 90 to 100 per cent may be open with the 
same experimental technique. 


TABLE in 


Sham Operation 


Rabbit No. 

Supravital 

Interval in 
dal's after 
operation 

Intra vital 

Per cent 
open 

Kidney No. 

Count 

Kidney No. 

Count 

23 

118 


1 


82,344 

51 

24 

104 


1 


102,614 

68 

25 

120 

158,316 

2 


93,562 

59 

26 

122 

122,488 

5 


86,920 

71 

27 

124 

135,728 

10 

125 

100,786 

75 


64 




The percentage figures depend on the assumption that the two 
kidneys of any one animal each contain approximately the same num- 
ber of glomeruli. In addition to the proof offered by Haymann and 
Starr we add the results in two rabbits. 

Rabbit No. Lefl Hkht 

30 145,200 152,328 

31 165,160 160,209 

We also have unpublished observations that this is true in man and 
rats. The variation is rarely over 5 per cent. Furtlier proof is ad- 
duced by the agreement between the counting method and the study 
of sections with determination of the relative number stained. 

The accuracy of the weight estimation method for determination of 
the total number of glomeruli may be open to some doubt. We be- 
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lieve it to be accurate to within 10 per cent. Vimtrup (7) has oflFered 
evidence to support this view. Work soon, to be published from this 
laboratory on the total number of glomeruli in the kidney of man and 
animals will further support the accuracy of the method. 

The distribution of the dye in intravitaUy stained normal kidneys 
is peculiar. Never are the stained glomeruli distributed evenly 
throughout the cortex. As noted by Ha}Tnan and Starr, often the 
peripheral glomeruli are not stained while the more central are all 
stained. In other cases there are small to large areas corresponding 
to the distribution of an interlobular or interlobar artery in which very 
few glomeruli are stained. In selecting the specimens for counting, 
such areas must be taken into consideration and a proportionate 
amount of them contributed to the pooled specimen. 

Richards and Schmidt (3) have noted that an increase in the num- 
ber of open glomeruli is associated with an increase in the number of 
open loops of any one glomerulus. In general, we have found this 
to be true (compare Fig. 3 and Fig. 4). In the active kidney, more 
glomerular loops are stained and those that are stained are more 
definite and larger. 

The results themselves are imequivocal and need little discussion. 
The results on the sham operation animals prove that the operation 
itself is not the cause of the increase. Experiments are imder way to 
contribute evidence on the cause of the increase. 

SDltMARY 

1. Under the e.xperimental conditions employed, from 44 to 78 per 
cent of the glomeruli of the normal rabbit kidney contain circulating 
blood at any one moment. 

2. After unilateral nephrectomy the number of glomeruli in the 
remaining kidney, which contain circulating blood, is increased to 
91 to 99 per cent. 

3. Compensation for the removal of one kidney is accomplished 
during the first 10 days at least, by an increase of the number of open 
glomeruli in the opposite kidnev'. 
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EXPLANATION OF PLATES 
Plate 10 

Fig. 1. A teased preparation of cortex injected by Janus Green B, to show the 
definition of the glomeruli. Such preparations are used in counting. X 8.5, 

Fig. 2. Section of kidney supravitally stained. X 110. 

Plate 11 

Fig. 3. Section of normal kidney intravitally stained with Janus Green B. 
Note the unstained and partially stained glomeruli. Compare with Fig. 4. X 90. 

Fig. 4. Section of kidney from animal after unilateral nephrectomy intra- 
vitally stained with Janus Green B. Note the absence of unstained glomeruli 
and the more complete staining of the glomerular loops. Compare with Fig. 3. 
X90. 
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A STUDY OF PNEUMONIA IN A RURAL AREA IN SOUTHERN 

ALABAMA 

By W. G. SMILLIE, M.D. and E. L. CALDWELL 

{From The Rockefeller InstiitUe for Medical Research, and the International Health 
Division of the Rockefeller Foundation, New York) 

(Received for publication, April 4, 1929) 

The present study was undertaken to determine certain basic facts 
in relation to pneumonia in a rural community in the South; it covers 
a period of 6 mo^nths, October to April, 1927-1928. Our field labora- 
tory* was established in Andalusia, Alabama, a town of about 4,000 
inhabitants, the center of a rather sparsely settled rural community 
where farming and lumbering are the chief industries. The area cov- 
ered in the study comprises approximately a thousand square miles, 
and has a population of about 35,000, the great majority of whom 
are white. 

Types of Pneumococci Isolated 

Fifty-eight cases of pneumonia were seen in the Andalusia area 
during the course of the study. A summary showing the types of 
pneumococci isolated from these cases is given in Table I. 

The striking feature of this series of cases is the small number of 
fixed types of pneumococci that were isolated. Pneumococci of the 
heterogeneous Type W group were the prevailing organisms. 

Severity of the Disease 

In Table II we have classified the cases of pneumonias according 
to their severity as correlated with the tj’pe of pneumococcus isolated. 

Lobar pneumonia takes a much hca%aer toll in the northern than in 
the southern United States. In 1925, for example, the death rates 

* Wc arc greatly indebted to Col. C. A. Rcasoncr of the U. S. Army Medical 
Ser\-ice, for help and advice in selecting equipment for our field laboratory. 
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per 100,000 from all types of pneumonia in 
certain typical states were as follows: 

wliites and 

negroes 

New York 

White 

in'; 

Colored 

3,61 A 
230.5 
.366.4 
135.1 

Massachusetts 

Ilrt 4 

Pennsylvania 

Alabama 

116.7 

81.4 


TABLE I 

Types of Pneumococci Isolated Compared with Data from Nexv York City 
{M onograph 7, Rock. Inst.) 


Pneumococcusliypc ; 

No. of cases 

Alabama 

New York City 



per cent 

per cent 

I 

7 

12.3 

33 

II 

0 

0.0 

31 

IIx 

2 

3.5 

1 

III 

1 

1.7 

12 

rv 

40 

68.5 

24 

Pneumococcus not isolated 

8* 

14.0 

— 


* Two of this group had a pneumonia due to staphylococcus, one following a 
periostitis — the other a case of senile dementia, while one case had a hemolytic 
streptococcus in pneumonia following an automobile accident. The remaining 
five were children from 1 to 8 years of age, from whom it was difficult to get spu- 
tum. They were presumably pneumococcus pneumonias, Titjc IV. 


TABLE II 

Severity of the Disease 


Type 

Mild 

Moderate 

Severe 

Fatal 

I 

0 

1 

3 

4 

0 

IIx 

0 

0 

0 

2 

III 

0 

0 

1 

0 

IV 

21 

11 

6 

2 

Pneumococcus not isolated 

4 

1 

1 

2* 


25 

15 

12 

6 


* Staphylococcus pneumonia. 


Since no morbidity data are available, it is not certain whether 
pneumonia is less prevalent in the south than in northern states or 
equally prevalent but less fatal. 
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Tables I and 11 suggest that pneumococcus pneumonia may be as 
frequent in the isolated rural districts in the south as in the large 
cities in the north, but is much less fatal. 

Age Dislrihution 

In Table m "we have summarized the distribution of cases of pneu- 
monia by age groups. The striking feature of Table m is that pneu- 
monia due to T 3 q)e IV pneumococcus occurred chiefly in children 
under 15 years of age, "whereas pneumonias due to the fixed types of 
pneumococci were seed chiefly in adults. 


TABLE m 

Age Dislribulion of Cases of Pneumonia in Southern Alabama 


Age 

1 Total cases 

Fixed types 
of pneumo- 
cocci 

Type IV 

1 Pneumo- 
1 coccus not 

1 isolated 

Under 1 year 

1 

0 

1 

0 

1- 4 years 

9 

0 

6 

3 

5-14 “ 

26 

4 

19 

3 

15-44 “ 

15 

4 

10 

1 

45-64 “ 

4 

2 

2 

0 

65 and over 

3 

0 

2 

1 


58 

10 

40 

8 


Seasonal Dislribulion of Pneumonia 

The community studied "was free to a great extent from acute 
respiratory disease until the first -week in Januaiy, though there had 
been mild outbreaks of “colds” in neighboring counties. Daily 
records were made of maximum and minimum temperature, relative 
humidity and rainfall. The exact day of onset of each case of pneu- 
monia was recorded. Directly following a week of low temperature, 
Jan. 1, tlicre occurred a -n-idesprcad epidemic of colds. Aerobic 
cultures from the nasopharynx of many indraduals during this out- 
break showed (a) a great preponderance of pneumococci Tj'pe IV, 
of low \irulence to white mice, fb) a large number of influenza bacilli 
of various tj'pes. The time relationship between the cold weather and 
the prevalence of pneumonia is shown in Chart I. The data seem to 
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Chart I. Seasonal 


.tion. of pneumonia, Andalusia, Alabama. 
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indicate that a period of cold weather with attendant suffering and 
exposure bore a definite relationship to the onset of pneumonia. 
The sequence was first, cold weather; second, an epidemic of colds; 
third, pneumonia. The cases of pneumonia did not occur during the 
coldest weather but 2 to 4 weeks after the weather became warmer. 

In individual rases the acute colds developed into pneumonia, 
usually on the sixth or seventh day of the cold, often following exposure 
while riding several hours in a wind, or getting rain-soaked and thor- 
oughly chilled when returning from school. The great proportion 
of the cases occurred in children under 15 years of age and the in- 
vading pneumococcus was usually T3q5e IV. Frequently two or 
more members of the family developed pneumonia at the same time. 

TABLE IV 

Relationship of Exposure and of Acute Colds to Pneumonia 


Type of pneumococcus 





Pueumococcus 
aot isolated 

Sudden onset — no exposure or “acute cold” 

2 

4 

2 

Exposure but no “cold" 

1 

1 

0 Total 



5 

2 10 

“Acute cold” antedating pneumonia 5-10 days 


25 

3 

“Acute cold” plus exposure to chilling rain, etc 

1 

10 

3 Total 


7 

35 

1 

6 48 


The relationship of the onset of pneumonia to chilling and exposure 
and also to acute colds is given in Table 
The clinical symptoms in these cases of Type pneumonia were 
tjqjical of lobar pneumonia, but the physical signs were not character- 
istic of those found in cases of lobar pneumonia due to the fixed 
and more Airulent tjTpes of pneumococcus. 

The signs of consolidation in the lung were typical but the area in- 
volved did not conform to the anatomical outlines of a single lobe. 
Often areas of consolidation in two different lobes in the same lung 
were found— sometimes both lungs were affected. The cases could 
not be called broncho-pneumonia, for small multiple areas of con- 
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solidation were not found, but rather large areas with typical massive 
consolidation, sometimes in the axilla but most often in the right 
base. 

The epidemiology of these cases of pneumonia in a sparsely settled 
rural area is in direct contrast to pneumonia in our larger northern 
cities where adults are more commonly affected than children 
and family epidemics are rare; where the attack usually runs a severe 
course, may or may not be preceded by a cold, and where the physi- 
cal signs are usually confined sharply to tlie anatomical outline of a 
lobe of lung. 

It seems a tenable supposition that the isolation, poor roads, lack 
of frequent contact Avith one another and with the outside world, 
have produced in a community of people a low resistance to relatively 
avirulent pneumococci, whereas under more crowded conditions, 
there develops a community resistance to avirulent pneumococci, 
where pneumonia occurs as a rule following an invasion of one of the 
virulent fixed types of pneumococci. 

The mode of life, customs, and habitations of the community 
studied are closely comparable with those of our forefathers one hun- 
dred years ago or more. It is interesting to note that the medical 
literature of 1810 to 1840 is full of references to epidemic pneumonia. 

Warner (1), 1814, describes the epidemic prevailing in New England and New 
York State. He states “the disease is characterized by an initial chill and prostra- 
tion and seems related to exposure to wet or cold.” Cartwright (2) describes an 
epidemic in Natchez in 1826 and notes that atmospheric vicissitudes, e.xposure to 
inclement weather and intemperance predispose to the disease. MacBride (3), 
1813, in describing an epidemic in St. John’s Parish, South Carolina, states that 
most of the deaths occurred in field negroes, but the disease was also seen in 
whites of the lower classes. When an individual in a family was attacked, nearly 
all other members developed the disease. McCall (4), 1823, describes a family 
epidemic in Kentucky; Williamson (5) described an epidemic in 1813 in North 
Carolina and felt that cold and rain predisposed to the disease. Smith (6), 
Steams (7), Mott (8), Mann (9), Eights (10), LeComte (11) and many others 
describe epidemics of lobar pneumonia in various parts of the eastern United States 
in the early part of the last century. 

It seems probable that the pneumonia in the isolated rural com- 
munity studied is comparable to the type of pneumonia of pioneer 
days in the United States, and that the increase of population and the 
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industrialization of the northern states, producing crowded conditions 
and frequent contacts, have resulted in the development of a popu- 
lation largely immune to avirulent strains of pneumococci, but re- 
sponding to certain of the fixed virulent strains. 

Family Epidemics of Pneicmonia, 

In seven different families two or more members of the family were 
in with pneumonia at the same time. This is contrary to the usual 
finding in the northern United States, where family epidemics of pneu- 
monia are rare. 

The intimate relationship of one case of pneumonia with another 
suggested the possibility of transmission of the disease from one 
member of a family to another by immediate contact. If this were 
th,e case, then one would expect to find that the various contacts 
with a case of pneumonia would harbor in their nasopharynx the t5rpe 
of pneumococcus corresponding to that found in the sputum of the 
patient. To determine this point, a study was made of the naso- 
pharyngeal flora of 26 families in which one or more cases of pneu- 
monia had developed. 

Technique 

Practically every case of lobar pneumonia which occurred in the area during 
the winter was seen in consultation with the family physician- as soon as the diag- 
nosis of pneumonia was made (usually the second day of the disease). Cultures 
of the nasopharjux of all contacts were made at once, using the West tube. They 
were placed directly in blood broth, kept warm during transportation, and plated 
on 3% horse blood hormone agar plates as soon as possible. The plates were 
searched after 24 to 36 hours, and typical colonies were isolated and the organism 
identified. A total of seventy-three contacts were cultured, each of whom had 
been in close and frequent coirununication with the pneumonia patient. A sum- 
marj' of the findings is given in Table V. 

It might be assumed from Tabic V that the thirty-two contacts 
with cases of Type IV pneumococcus who harbored type strains in 
their nasopharynx were infected b}'^ actual contact with the patient 
who was ill with pneumonia in the household. If this were the case, 
contacts with Type I and Tj'pe II pneumonias should harbor cor- 
responding strains. This occurred in only five instances, whereas ten of 

* There are about twenty-five general practitioners in the area. 
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the seventeen contacts with Type I pneumonia harbored not Type I 
but Type IV pneumococcus. It seemed probable, therefore, that 
some other factor than contact ■with a case of pneumonia was respon- 
sible for the prevalence of pneumococci in the nasopharynx of these 
individuals. 


TABLE V 

Prevalence of the Pncumococeus in the Nasopharynx of Individuals in Direct Contact 

with Pneumonia Patients 


Contacts liarboringpncumococcus: 

Type I 

Type n 

Type nr 

Type rV 

No pneumococci found 


l^'pe of pneumonia in patients to whom contacts 
were exposed 


Tj-pcI 

Ti-pe n 

Type IV 

2* 

0 

0 

0 

3 

0 

0 

1 

0 

10 

1 

32 

5 

2 

17 


* Both these contacts developed Tj'pe I pneumonia within 3 days after their 
throat cultures were taken. 


TABLE VI 

Correlation of the Prevalence of Pneumococci in the Nasopharynx with an Acute 

Respiratory Infection 


Type of pneumococcus found 

Acute cold when 
examioed 

Just recovered from 
cold 

No history of recent 
cold 

I 

2 * 

0 

0 

II 

It 

0 

2t 

III 

0 

0 

It 

IV 

25 

15 

3 

No pneumococcus found 

6 

13 

! 5 

Total 

34 

28 

11 


* Contact with TjT>e I pneumonia, 
t Contact with Type II pneumonia. 


We have noted that practically all cases of pneumonia were pre- 
ceded by an acute upper respiratory infection and that these colds 
occurred as family epidemics affecting all members. It seemed 
possible that these epidemic colds might be associated with an in- 
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creased prevalence of pneumococci. An analysis was made, therefore, 
to determine this point. See Table VI. 

Table VI shows clearly that a large proportion of the individuals in 
this study who were harboring pneumococci had colds at the time or 
had just recovered from them. This is particularly true of the group 
of individuals who made up the families in which there was a case of 
Type IV pneumonia. Furthermore, the relative number of pneu- 
mococcus colonies on the blood agar plate cultures of the nasophaynx 
seemed to bear some relationship to the course of the cold. See 
Table VH. 

Tables VI and VII give a very definite indication as to what occurred 
in these epidemics of colds and the relationship of the cold to pneu- 


TABLE vu 

Group of Conlatis with Type IV Pneumonia; Table Showing Rdalivc Prevalence of 
Pneumococci Type IV in Acute “Colds” 


Proportion of pneumococcus colonies on the blood 
ogar plate in relation to all other colonics 

Number of cases 

1st 3 davs 
of cola 

4tii to Stb 
day 

Ist week 
after 
recovery 

2ad week 
after 
recoveiy 

so to 100 per cent 

1 

5 

3 

0 

25 to 50 per cent 

0 

3 

5 

1 

Few (Ices than 25 per cent) 

5 

3 

1 

2 

No pneumococci 

2 

3 

3 

7 


monia. Within the first few days of the cold, pneumococci T\pe IV 
are found in the nasopharynx of those affected. From the fourth to 
the eighth day, the pneumococci have so increased as to outnumber all 
other organisms. As the patient recovers from the cold, the pneu- 
mococci disappear and the normal flora of the throat reappear, though 
pneumococci are frequently found for 10 days to 2 weeks after sjnnp- 
toms of cold have disappeared. 

It seems probable that the contacts with cases of pneumonia, par- 
ticularly the T 3 p)c W group, were not infected by their direct contact 
with a pneumonia patient. The more probable history is as follows: 
An epidemic of acute colds occurred in a famil}’^, usually affecting 
all members of the famil 3 *. Coincident with the cold, pneumococci 
occurred in the nasophaiynx in large numbers. In the great majority 
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of the colds, nasopharyngeal sjrmptoms disappeared after 7 to 1 
days, and gradually the pneumococci disappeared also. A sma 
proportion of the individuals Mdio had an infection with pneumocc( 
of the upper respirator)’’ tract developed pneumonia on the fourth t 
eighth day of their cold. The attack often followed an e.\posure o 
chilling of the body surface, with a resultant extension of the infectio: 
from the upper to the lower respiratory tract. The pneumonia 
therefore, was an incident in the course of an epidemic of colds. 

If this is true, family epidemics of colds associated with pneu 
mococci must have occurred in which no case of pneumonia developed 
Such indeed was found to be the case. A complete epidemic of acuti 
colds was studied in a small rural school — cultures being taken befon 
the colds began, during the epidemic, and after the epidemic hac 
ceased. A report of this epidemic, together with other similar studies 
will be made in a subsequent communication. 

The assumption might be made that the incitant of these cold: 
is the pneumococcus — especially since there is some contributory 
evidence in addition to that already presented. One bit of evidence is 
that these colds were associated with a high leucocytosis — a white 
blood count of twelve to fifteen or even eighteen thousand being 
commonly found. Furthermore, one of the present investigators 
developed a clear-cut nasopharyngeal infection due to pneumococci 
which was acquired in the laboratory while working with the pneu- 
mococcus cultures and which ran a course similar to the family 
epidemics of colds. The appearance and disappearance of symp- 
toms in this infection were closely correlated with the appearance and 
disappearance of pneumococci in the nasopharynx. 

In one instance, a pure culture of pneumococci Type I was found 
in the nasopharynx on the second day of a cold in a person who was 
nursing a patient with Type I pneumonia. 3 days later the nurse 
developed pneumonia Type I. In two other instances mothers who 
were caring for children with pneumonia Type IV developed typical 
colds, ■ and almost pure cultures of pneumococci Type IV were 
isolated from the nasopharynx on the first or second day of the cold. 

But there is evidence also that pneumococci were merely contrib- 
utory causes and perhaps did not initiate the colds at all. It will be 
noted from Table VII that pneumococci were not abundant in the 
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nasopharynx during the first 2 or 3 days of the cold, but were most 
prevalent from the fourth to the eighth day. This observation sug- 
gests that the pneumococci may be secondary invaders and that the 
cold was initiated by some unknown factor. 

Another interesting observation in connection with these family 
epidemics of colds associated with pneumococci is that Pfeiffer ba- 
cilli were frequently found in abundance in association with the pneu- 
mocci. In general these organisms appeared later in the cold than 
the pneumococcus, and were present for a longer period after symp- 
toms had disappeared. No constant type of Pfeiffer bacilli was 
encountered. Both hemolytic and non-hemolytic forms were found — 

TABLE vni 

Table of Correlation between Incidence of “Colds” and Prevalence of Pneumococci and 
Pfeiffer Bacilli in the Nasopharynx 


Number of cases 



1 Acute cold 
at present 

Just recov. 

eredftom 

coid 

No history 1 

of recent I 
cold 

Total 

Pfeiffer bacilli and pneumococci 

11 

6 

0 j 

17 

Pfeiffer bacilli only 1 

4 

8 

1 1 

13 

Pneumococci only 

15 

11 

5 

31 

Neither pneumococci nor Pfeiffer bacilli 1 

5 

3 

6 ! 

1 

14 


some requiring V -f- X factors for growth, other's requiring only V 
factor. Some produced indol — others did not. There was some con- 
sistence in the type found in members of the same family but not in 
the group as a whole. A brief summary of these findings is given 
in Table VIII. 

Table VIII indicates that Pfeiffer bacilli were frequently associated 
with pneumococci in the acute colds which occurred in the group of 
contacts with cases of pneumonia. 

CONCLUSIONS 

1. Pneumococcus Type IV of low virulence was the prevailing 
organism in fifty-eight cases of pneumonia studied in southern Ala- 
bama. Fixed Ijqies of pneumococci were not common. 
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2. Pneumonia was more prevalent in children from 5 to 15 5 ^cars of 
age than in adults. As a rule, the disease ran a mild course. 

3. Most of the cases of pneumonia gave a definite history of an 
acute cold antedating the attack of pneumonia by a period of 5 to 
S days. Exposure alone did not seem to predispose to pneumonia, 
but those with an acute cold who were exposed to chilling of the body 
surface frequently developed pneumonia. 

4. Tliere were seven “family epidemics” of pneumonia. In eacli 
instance there was a famil)'’ epidemic of colds antedating the pneu- 
monia. The pneumococcus was found in large numbers in the naso- 
pharynx of those suffering from colds as well as in the pneumonia 
patients. 

5. The epidemiology of pneumonia in the pioneer days of American 
history has many points in common with the epidemiology of pneu- 
monia in a rural isolated area in southern Alabama today. This 
suggests that the crowded conditions and frequent contacts of modern 
city life have built up a community resistance to avirulent strains of 
pneumococci. 
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{From the Division oj Bacteriology, Department of Pathology, Peking Union 
Medical College, Peiping, China) 

Plate 12 
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The question, whether the dissociation occurring in the paratyphoid 
group of bacteria follows the H and 0 type of dissociation of Weil 
and Felix, the S and R type of Arkwright or a combination of both is 
still unsettled. 

According to Hadley (1) (p. 141) the somatic and flagellar antigen hypothesis 
of Malvoz should be abandoned since certain nonflagellated bacteria split into 
2 forms, R and S, which give the same order of serological reactions as those ob- 
served in the R and S types of motile bacteria. 

Arkwright and Goyle (2) claimed that the O and H antigens were essentially 
those of smoothness and roughness. This view was however criticized by White 
(3) who has represented the variation of the paratj'phoid group in a scheme which 
in a somewhat simplified form is as follows: 


Smooth strains 



O OH 


Rough strains 



1 


P 


PH 


O = smooth , heat stable, granular antigen comple.x . 

H = heat labile, fioccular antigen complex. 

0 = rough, heat stable, granular antigen complex. 

He has also pointed out that the flagellar and somatic agglutinins were identical 
with the H and O antigens, and that motility was entirely restricted to bacilli 
giving definite H reactions. No members of the 0 variety were motile. There 
arc theoretically, therefore, disregarding the specific and nonspecific dissociation of 
Andrewes (4), and aside from the normal motile smooth (Oil) form, three possible 
forms of variants: the nonmolilc smooth (0), the motile rough (011), and the 
nonmotilc rough (0). Arkwright (5) has demonstrated the existence of these 
variant forms of B. paratyphosus A. 
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It is obvious that the dissociation phenomenon of the motile para- 
typhoid group of organisms is more complex than that of nonflagellated 
forms like B. dysentcriac. The simple S and R conception of dissocia- 
tion does not seem to be adequate to account for the several variant 
forms encountered among the flagellated bacteria. 

Smith and Reagh (6) first reported the existence of both motile and 
nonmotile strains in hog cholera bacillus and demonstrated the differ- 
ence between flagellar and somatic agglutinins. Their work was 
soon confirmed by Beyer and Reagh (7), Orcutt (8) and others. 

In the present investigation observations on the dissociation of the 
hog cholera bacillus were made by using a special semi-solid medium. 
Three distinct variant forms arising from the original “normal” strain 
were observed. 


EXPERIMENTAL 

Hog cholera bacillus XVI obtained from The Rockefeller Institute, Princeton, 
N. J., was used. The bacteria derived from the characteristic smooth colonies were 
actively motile and showed the normal biochemical and serological reactions for 
this type. Single colonies of the motile smooth (MS) form were selected from 
3 successive platings to obtain a pure line culture. This culture was then inocu- 
lated in meat infusion broth, incubated at 37°C. for several weeks, and plated in 
semi-solid medium for study. 

The semi-solid medium described by Hiss (9) was used. This medium was found 
to be useful not only for the isolation of the usual motile and nonmotile forms but 
also for the differentiation of other variants. The medium contains agar 10 gm., 
gelatine 160 gm. and meat infusion bouillon 2000 cc. The agar was dissolved in 
600 cc. of distilled water by boiling for 20 to 30 minutes. Bouillon was added 
and the boiling continued for about 10 minutes, during which time, the gelatine 
was slowly added. Water was added to make up the volume lost b)'’ evaporation. 
The mixture was adjusted to pH 7.4, sterilized in the autoclave for 20 minutes, 
cleared by sedimentation in an inspissator, and filtered through absorbent cotton 
at 45°C. The medium was then tubed while hot into large test tubes each con- 
taining IS cc. 

This semi-solid medium was inoculated with 0.2 cc. of a suspension of hog 
cholera bacilli made by adding one loopful of the old broth culture to 30 cc. of 
normal saline solution, and plates were poured. The medium formed a layer 
approximately 5 mm. thick. The plates were incubated at 37'’C. for IS to 18 
hours and were placed in the refrigerator for about an hour to congeal the medium. 
They were then examined by holding them above and in front of a Leitz micro- 
scope lamp or under the low power lens of a microscope. 
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Dissociation Forms Encountered 

Thus far in the study of colony variation of the typhoid-paratyphoid 
group, the surface colonies on agar plates have been observed and 
little attention has been paid -to the deep colonies growing in semi- 
solid medium. In the present study, after the broth culture had been 
kept at 37°C. for about 3 weeks and plated, only the deep colonies 
which grew in the semi-solid medium were studied. The following 
forms of deep colonies were observed: 

1. Homogeneous Colonies {Motile Smooth). — These were large, round, 
disk-like, transparent colonies with smooth margins and surfaces, — 
the “normal” t)rpe form (Fig. 1) . The center was as a rule more dense 
than the periphery, and occasionally appeared as an ill-defined spot. 
Concentric zones of varying thickness which appeared to be the zones 
of migration were usually present. Colonies 18 hours old generally 
measured from 2 to 3 cm. in diameter. 

The individual organisms of this form were weU-separated and ac- 
tively motile. They grew in a homogeneous cloud in broth. The 
growth from an agar slant formed a diffuse suspension when placed 
in normal saline solution. When grown on the surface of an agar 
plate, these bacteria formed smooth, round colonies. 

This form was designated MS (motile smooth). 

2. Irregular Colonies {Motile Rough). — These forms were irregularly 
shaped, and consisted of clumps or clusters of small secondary colonies 
(Fig. 2). The characteristics were best observed under low power 
magnification. Some of the colonies were more or less disk-shaped 
but the ill-defined margins and surfaces and the presence of clumps 
of secondary colonies differentiated them from the homogeneous (MS) 
type. These colonies were much smaller than the homogeneous form, 
generally measuring from 1 to 3 mm. in diameter. 

The bacteria from this form of colony occasionallj’’ formed short 
chains and clumped together. Some of the clumps moved sluggishly 
as units. Activelj’ motile, individual bacilli were also present. In 
broth cultures the growth clumped, settled to the bottom and left a 
clear supernatant fluid. Bacteria from an agar slant culture, when 
suspended in saline, clumped and precipitated in large membranous 
flakes. 
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' The colonies formed on the surface of agar plates were rough, granu- 
lar and irregular, and were larger, under these circumstances, than 
colonies of the MS, or NS fonns. 

This form of variant was designated as MR (motile rough), 

J. Compact Colonies {Nonmotile Smooth ). — The compact colonies 
had the appearance of small dots (Fig. 3). The average diameter of 
a colony incubated at 37°C. for 24 hours was from 0.2 to 0.4 mm. 
Under low power magnification the colonies were yellowish in color. 
The surface of the young colonies was smooth, while that of colonies 
more than 48 hours old was slightly uneven. 

TABLE I 


Comparison of the Four Forms of Hog Cholera Bacillus 



MS 

MR 

NS 

NR 

Deep colony in semi- 

homogeneous 

irregular 

compact 

compact 

solid medium 

2-3 cm. 

1-3 mm. 

0.2-0.4mm. 

0.2-0.4 mm. 

Surface colonies on 

smooth 

rough 

smooth 

rough 

agar plates 





Cell distribution in 

homogeneous 

flaky sediment 

homogeneous 

flaky sediment 

broth culture | 

cloud 

(diffuse) 

(clumped) 

cloud 

(diffuse) 

(clumped) 

Motility 

motile 

motile 

nonmotile 

nonmotile 

Precipitation in NaCl 

diffuse 

clumped 

diffuse 

clumped 

and MgClj solution 





Resistance to normal 
rabbit serum 

not killed 

killed 

not killed 

killed 


The bacilli of this form did not clump and were nonmotile. Like 
the j\4S bacilli, these produced a homogeneous, cloudy growth in broth 
and the growth from an agar slant could be easily suspended in nor- 
mal saline solution. On the surface of an agar plate the colonies were 
round and smooth, and were indistinguishable from those of the MS 
type. _ , 

Tliis form of variant was designated as NS (nonmotile smooth). 

4. Compact Colonies (N onmotile Rough ). — When bacilli from the 
NS form of colony were cultivated in broth at 37°C. for several weeks 
and again plated in semi-solid medium, the same type of compact 
colony appeared. After this procedure, however, when the bacilli 
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were transferred to broth the growth in some of the tubes was differ- 
ent. Instead of the usual homogeneous, cloudy, growth clumps formed 
which precipitated. The bacteria from these clumps were nonmotile. 
In the semi-solid medimn compact colonies were formed which were 
indistinguishable from those of the NS form. \^Tien an agar slant 
culture of these organisms was suspended in normal saline solution, 
the growth precipitated in large flakes. Surface colonies on agar 
plates were rough, granular and irregular, and were indistinguishable 
from the MR form. 


TABLE n 


Reaction of the Four Forms of Hog Cholera Bacillus in Magnesium Chloride Solution 


Culture 

Time, 

hrs. 

M/1 

JI/2 

M/4 

M/« 

M/16 

M/32 

M/64 

M/128 

M/2S6 

HjO 

MS 

2 

m 

m 

Hi 




■ 






24 

H 




- 

— 

B 

— 

— 


MR 

2 

H 




-1 — i— f- 

*1 — h-}- 


— 




24 

4" 

++-i-j 

H — I'+l 

4-4-4-j 

-l-4--t- 

4 — h-f 

4-4-4- 


— 

— 

1 

x\S 

2 






. 




_ 


24 

— 

— 

- 

- 

- 

- 

- 

- 

- 

- 

NR 

2 

+4- 

+ + 

4-++ 

4-4-4- 

4-4-4- 

4-4-4- 

-f -f-i- 

4-4-4- 

— 



24 

+++ 

++ + 

4-4-4- 

|4- 4- 4-14-4- 4- 

4-4-4- 

4-4-4- 

4-4-4- 

— 

— 


This form was designated as NR (nonmotile rough). 

The characteristics of the 4 forms described above are tabulated in 
Table I. 

In plating the old broth culture as described above, the homogeneous 
(normal iMS) colonies predominated. The irregular and compact 
colonics comprised roughly speaking, 1 or 2 per cent of the total. 

Further DiJfcrcjitial Tests 

Salt Sensitiveness— Arkveright (10) demonstrated that R forms of B. 
typhosus and B. dysenteriac agglutinated spontaneously in 0.85 per 
cent saline solution while the S U^pes did not. This test was used to 
distinguish the R from the S bacteria. In the present work, the test 
was performed as follows: 
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Solutions of magnesium chloride and of sodium chloride were used 
as shown in Tables 11 and III. Bacteria from 24 hour agar slant cul- 
tures of each of the 4 forms were suspended in distilled water. This 
suspension was added to the various dilutions of the series of the 2 
salt solutions and incubated at 50°C. for 2 hours. The reactions were 
observed at the end of 2 hours and again after the tubes had remained 
in the refrigerator for 24 hours. 


TABLE in 

Reaction of the Four Forms of Hog Cholera Bacillus in Sodium Chloride Solution 


Culture 

Time, lirs. 

Mn 

M/2 

M/4 

M/8 

M/16 

HiO 

MS 

2 

24 

— 

— 

— 

— 

— 

— 

MR 

2 

+ 

+ 

_ 

i 


_ ' 


24 

1 

+ 

4-+ 

+ + 

+ + 

— 

— 

NS 

1 

! 2 








24 

— 

— 

— 

— 

— 

— 

NR 

2 

1 

' + 

+ 

+ 

+ 

— 



1 

+++ 

+++ 

+ + + 

+ + + 


— 


• — = no precipitation. 

+ = moderate precipitation. 

-f + = marked precipitation. 

-}- -f- + = complete precipitation, supernatant fluid clear. 

The difference in behavior of the 4 forms under these conditions are 
shown in Tables II and III. The MR and NR forms were clumped 
by both magnesium chloride and sodium cliloride while the iVIS and 
NS forms were not. The magnesium chloride was more effective 
than the sodium chloride. 

Survival in Normal Rabbit Since the R forms of certain other 

bacteria are more subject to phagocytosis and destruction than the S 
forms, attempts were made to test the difference in resistance of the 
4 forms of hog cholera bacillus to the bactericidal action of normal 
rabbit serum. 

Broth cultures of the 4 forms of hog cholera bacilli were diluted 
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1 : 1,000,000 in saline. One part of each suspension was mixed with 
five parts of normal rabbit serum in small tubes. A control set of the 
bacterial suspension was mixed in normal saline solution. The tubes 
were incubated at 37°C. for an hour after which 0.2 cc. from each tube 
was plated. The munber of colonies on each plate was counted after 
24 hours incubation. 

Organisms of the MS and NS forms were resistant to the serum and 
many colonies appeared on the plate, but only a few of the bacteria 
of the MR and NR forms survived the effects of the serum, and far 
fewer colonies appeared when these forms were plated. The results 
are shown in Table W. 


TABLE rv 

Comparalivc Resistance of the Four Forms of Hog Cholera Bacillus io the Bactericidal 
Action of Normal Rabbit Seriim 


Culture suspended 1 hour at 37'C. in 

Number of colooies on agar plates after 24 hours 
mcubatioa 


MS 

MR 

NS 

NR 

Rabbit serum 

299 

2 

353 

87 

Saline 

223 

202 

292 

215 



Resistance io Carbolic Acid . — The difference in resistance of the 4 
forms of hog cholera bacilli to the bactericidal action of phenol was not 
decisive. Bacilli of the smooth, MS or NS forms were, however, some- 
what more resistant than those of the rough, MR or NR forms. 

Other tests when applied to the 4 forms failed to show any striking 
differences. Bacilli from all 4 forms were Gram-negative, short rods. 
All forms fermented dextrose, mannite, maltose and xylose and pro- 
duced acid and gas. Lactose, sucrose and arabinose were not fer- 
mented. The action on dulcite was irregular, differences in the rate 
of fermentation appearing even in a series of tubes inoculated with 
bacilli derived from a single colony. Indol and hydrogen sulphide 
were not produced by any of the badlli. 

1 DISCOSSIOK 

For the differentiation of the original form of hog cholera bacillus 
and its 3 variant forms both semi-solid and solid agar media were 
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employed. It is obvious that the examination of the colonies produced 
by each of the 4 forms of bacilli on the surface of agar plates alone, 
serves only to distinguish broadl)'' the smooth from the rough strains. 
The dry surface of the agar inhibits migration of the motile bacilli 
and prevents contrast between the motile and nonmotile forms. For 
this reason, among the surface colonies on agar, it was only possible to 
differentiate tlie smooth (MS, NS) forms from the rough (MR, NR) 
forms. Even under these conditions the differences between the S 
and R forms were often not decisive. Further microscopic tests are 
necessary'' to determine motility. No differences were detected macro- 
scopically between the MR and the NR colonies on the one hand and 
between the MS and NS colonies on the other. 

When colonies of the 4 forms grow under the surface in semi-solid 
media motile and nonmotile characteristics appear. The semi-solid 
medium permits migration of the motile bacilli wliich form large diffuse 
colonies while the nonmotile bacilli form minute compact colonies. 
Thus it follows that the motile smooth fl\fS) colonies, which on agar 
surfaces appeared like the nonmotile smooth (NS) colonies, now be- 
come many times larger than the NS colonies due to the centrifugal 
migration of the motile (IMS) bacilli. At the same time the semi-solid 
medium pennits spontaneous agglutination of the motile rough (MR) 
bacilli, which form clusters of secondary colonies thus adding another 
macroscopic differential feature. Differentiation between the 2 forms 
of small, compact colonies, nonmotile smooth (NS) and nonmotile 
rough (NR) , is not as clear in the semi-solid media as on agar surfaces 
since neither form is motile. On agar plates the smooth and the rough 
surfaces of the colonies serve to differentiate the NS from the NR 
form. Therefore, for a complete differentiation of the 4 forms seA'-eral 
tests are desirable: growth on agar plates, growth in semi-solid media, 
and microscopic tests or growth in broth to determine clumping of the 
rough forms. 

SUMMARY 

When the “normal” MS form of hog cholera bacillus was grown for 
3 weeks in broth and subsequently plated in semi-solid media, 2 vari- 
ant forms appeared, a motile rough (MR) form and a nonmotile 
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smooth (NS) form. The NS form subsequently gave rise to a third 
variant, namely, the nonmotile rough (NR) form. 

It is evident from the observations reported that in the case of the 
hog cholera bacillus the simple S and R conception of microbic disso- 
ciation is inadequate to account f6r the several variant forms. It 
appears necessary to combine the S and R with the H and 0 or the 
flagellar and somatic antigen conception to accountforthephenomenon. 
The dissociation is represented by the following diagram : 

MS (normal) 

./ \ 

MR NS 

I 

NR 
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EXPLANATION OF PLATE 12 

Fig. 1. Normal MS colonies of hog cholera bacilli 17 hoursold, growing in semi- 
solid medium. Natural size. 

Fig. 2. MR colony 17 hours old in semi-solid medium, showing the secondarj' 
colony formation. X 30. 

Fig. 3. NS colony 17 hours old in semi-solid medium. NS and NR colonies 
appear alike under these conditions. X 30. 
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PLATE 12 




STUDIES ON THE DISSOCIATION OF THE HOG CHOLERA 

BACILLUS 


II. Serological Reactions, Virulence and Stability of the 

Variant Forms 

ByC.P.LI,M.D. 

{From the Division of Bacleriology, Department of Pathology, Peking Union Medical 

College, Peiping, China) 

(Received for publication, April 29, 1929) 

In a previous paper (1) a study of the dissociation of the hog 
cholera bacillus was presented. By using both semi-solid and solid 
agar media the appearance of 3 distinct variant forms was observed 
arising from the “normal” motile smooth (MS) strain. The 3 
variant forms which appeared were designated motile rough (MR), 
nonmotile smooth (NS), and nonmotile rough (NR). Briefly the 
appearance of the colonies of the 4 forms which grew deeply in the 
semi-solid medium was as follows: (a) MS, — large homogenous 
colonies, (b) MR, — smaller irregular colonies, (c) NS, — minute com- 
pact colonies and (d) NR, — minute compact colonies. To differ- 
entiate the latter 2 forms macroscopically, it was necessary to 
observe the colonies as they grew on the surface of agar plates. 
Under this condition, the smooth surfaces of the NS colonies were 
distinguished from the rough surfaces of the NR colonies. 

The bacteria from the S colonies, both motile (IMS) and nonmotile 
(NS), grew diffusely when cultivated in broth and remained in 
diffuse suspension when placed in saline solutions. Bacteria from 
the R colonies, both motile (MR) and nonmotile (NR), grew in 
clumps in broth media and when suspended in salt solutions 
clumped and precipitated in flakes. It was also obser\'ed that 
bacilli from both S forms of colonies were more resistant to the 
bactericidal action of phenol and of normal rabbit serum than the 
organisms derived from the R colonies. 

In the present report further differential tests were applied to 

25S 
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the 4 forms of the hog cholera bacillus. A study of the serological 
reactions, of the virulence and of the stability of the 4 forms 
was made. 

Serological Reactions 

Reference was previously made (1) to a schematic diagram by 
White (2) representing the dissociant forms of the paratyphoid 
group of bacteria. The probability that the flagellar and somatic 
antigens were identical with the H and 0 antigens respectively was 


TABLE I 

Theoretical Agglutination of the Variant Forms of Hog Cholera Bacilli Assuming 
that MS = OH, MR = 0H,NS =0 and NR = 0 


Antigen 

Immune sera 

1 

Anti-MS (OH) , 

Anti-MR (PH) 

Anti-NS (0) 

Anti-NR (P) 

MS (OH) 

+ 

+ 

1 

1 + 


MR (0H) 

+ 

+ 

— 

+ 

NS (0) 

+ 

— 

+ 

— 

NR (0) 



— 

+ 


+ = agglutination. 

— = no agglutination. 

0 = smooth, heat stable, granular, somatic antigen comple.x. 

H = heat labile, floccular, flagellar antigen comple.\. 

0 = rough, heat stable, granular, somatic antigen complex. 

also remarked. Under this assumption the 4 forms of hog cholera 
bacillus, MS, MR, NS and NR may be represented by the symbols 
OH, 0H, O and 0 respectively = the rough form of 0). 
Accordingly, the theoretical serological reactions of the various 
forms are shown in Table L A study of the actual serological 
reactions was then made. 

M ethods 

Preparation of Sera. — For the preparation of the immune sera, bacteria from 
agar slant cultures were suspended in salt solution and killed at 56 C. Rabbits 
were then immunized b)'- injecting suspensions of the 4 forms of bacilli intra- 
venously 6 or 7 times at 5 to 7 days intervals. A week after the last injection the 
animals were bled to death and the serum was obtained. 
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Sera were absorbed wth heavy suspensioas of living bacteria in 0.1 per cent 
salt solution (stronger solution of salt caused spontaneous clumping of the E. 
forms and was not used). The mixtures were incubated at 37°C. for 2 hours, 
placed in the ice box for 24 hours and finally centrifuged to regain the diluted 
serum. The final dilution of the sera was 1 :20. 

AggliUmation Tests . — The bacteria to be tested were derived from agar slant 
cultures and were suspended in 0.1 per cent salt solution. Dilutions of sera in, 
0.1 per cent salt solution, var 3 dng from 1 :40 to 1 : 10240, were made to which the 
bacterial suspensions were added. Suspensions of bacteria in 0.1 per cent salt 

TABLE H 


A ggltilwalion Reactiom A dually Observed 


Culture tested 

Agglutination titer 

j Anti-MS serum 

Anti>MR serum 

1 

Auti-KS senim 

Anti-NR serum 

MS 


mmm 

640G 



MR 



160 ? 

160 G 

NS 


■BH 

640 G 

— 

NR 

IHBH 

mmm 

“ 

160 G 


F = floccular. 

G = granular. 

— = no agglutination. 

? = differing from theoretical result. 

solution served as control tests. The tubes were then incubated at SO^C. for 
2 hours. Readings were made at the end of this time and again after the tubes 
had been in the ice box for 24 hours. 

The results of the agglutination tests are shown in Table II. 
The figures represent the highest dilution in which macroscopic 
^SS^tilination occurred. The letter F indicates a floccular type of 
precipitation and G indicates granular precipitation. 

It is evident that the actual agglutinations represented in Table 
II correspond closely to the theoretical reactions predicted in Table I. 
.•\n exxeption is noted by the agglutination of ^iIR bacteria in a 
relatively low dilution of anti-XS serum. The reason for this is 
not clear and is at present une.xplained. It is possible that the 
anli-NS serum contained some H agglutinins which was indicated 
by the fact that after the MR bacilli were heated to lOO’C. for 
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30 minutes to destroy the H antigen, no agglutination in anti-NS 
serum occurred. 

The titer of the anti-NR serum was low and attempts to produce 
a stronger anti-serum were not successful. 

Different types of agglutination were observed as indicated in 
the table. Bacteria of the MS and MR forms when agglutinated 
by either anti-MS or anti-MR sera promptly formed large, loose, 
floccular clumps, due to the presence of the H antigen and antibody. 
MS bacilli in anti-NS serum and MR bacilli in anti-NR serum 


TABLE III 

Resiths of Absorpliou Tests 


Bacterial 

suspensions 

Anti-MS (OH) scrum 

Anti-MR (PH) serum 

Anti-NS (0) scrum 

Anti-NR (0) 
scrum 

•a 

o 

o 

•1 

•g 

a 

P 

Absorbed with 
MR bacilli 

Absorbed with 
NS bacilli 

Unabsorbed 

Absorbed with 
MS bacilli 

Absorbed with 
NR bacilli 

Onabsorbed 

Absorbed with 
A(S bacilli 

Absorbed with 
MR bacilli 

Unabsorbed 

Absorbed with 
MR bacilli 

MS (OH) 

5120 F 

^640G 

2560 F 

n 

i 


’640G 

H 

640 G 

■■ 

■ 

MR(0H) 

5120 F 

1 _ 

2560 F 


160 G 


160? 


— 


B 

NS (0) 

640 G 

640G 

— 




640 G 

B 

640G 

HB 

B 

NR (0) 




160 G 

160G 

— 


■ 



B 











BBH 



The figures represent the highest dilution in which macroscopic agglutination 
occurred. 

F = floccular agglutination. 

G = granular agglutination. 

? = differing from theoretical result. 

slowly formed into hard, small, granule-like clumps. Bacteria of 
the NS and NR forms formed similar small granular clumps when- 
ever agglutinated by any of the 4 anti-sera, due to the presence of 
the O or 0 antigen and 0 or 0 antibody. 

Absorption Tests.— The results of absorption tests which are given 
in Table III confirmed the results obtained by the ordinary aggluti- 
nation reaction. The floccular H agglutinin was absorbed from 
the anti-MS (OH) serum by the MR (^H) bacilli, but the granular 
(O) agglutinin remained intact. MR (0H) bacilli absorbed the 


























C. P. LI 


259 


granular (0) antigen from the anti-NR (0) serum. Anti-NS (O) 
serum was unaffected by MR (0H) bacilli. 

Similarly the MS (OH) bacteria exhausted the floccular (H) 
agglutinin from the anti-MR (0H) serum as well as the granular 
(O) agglutinin from the anti-NS (O) serum, since these bacilli 
possess both 0 and H antigens. The granular (0) agglutinin in 
the anti-MR (0H) serum was, of course, unaffected. 

Lastly NS (0) bacteria had no influence on the H agglutinin 
in anti-MS (OH) serum and the NR (0) organisms absorbed the 


TABLE IV 

Virulence of the Four Forms of Hog Cholera Bacilli for Hamsters (flhinese Field Mice) 


Calture tested 

Dose. cc. 

Ko. used 

No. died 

Mortality 

MS 

0.1 

5 

5 

100% 


0.001 

10 

10 

100% 


0.000001 

5 

4 

1 80% 

MR 

0.1 

5 

0 

1 

0 


0.1 

10 

0 

0 

NS 

0.1 

5 

5 

100% 


0.001 

10 

5 

50% 

NR 

0.1 

5 

0 (abscess) 

0 


0.1 

10 

0 (abscess) 

0 


Animals were observed for 30 days. 


granular (0) agglutinins from the anti-MR (0H) serum but left 
its H agglutinin intact. 

It should be mentioned that for the various serological tests only 
typically reacting bacteria were used. Indefinite, intermediate, or 
confusing forms which reacted atj’pically were frequently encoun- 
tered and were discarded. 


Virulence 

Besides the differences in the serological reactions of the 4 forms 
of the hog cholera bacillus, striking differences in \'irulence for 
hamsters (Chinese field mice) and rabbits were observed. Varying 
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amounts of 24 hour old broth cultures of the 4 forms of bacilli were 
injected subcutaneously into hamsters. The results of the experi- 
ment are given in Table IV. 

From the table it appears that in general, as in other bacterial 
species, the S forms were virulent and the R forms were not. The 
virulence of the MS form seems to be somewhat greater than that 
of the NS form. The NR form, however, can probably not be 
considered to be entirely avirulent. Hamsters receiving 0.1 cc. 
doses of the NR form subcutaneously occasionally died and abscesses 
usually developed at the site of inoculation in those that survived. 
The MR form on the other hand produced no gross pathological 
changes. Both the MR and the NR forms were frequently virulent 
for hamsters when injected in large doses (0.5 cc.) intraperitoneally. 

Rabbits, when inoculated with the 4 forms of bacilli, reacted in a 
similar manner. The MS form caused death in 7 days after the 
subcutaneous inoculation of 0.000001 cc. of broth culture. Of 2 
rabbits inoculated with 0.1 cc. of an NS culture, one died after 9 
days and the other recovered after a period of fever lasting about 
3 weeks. Both NR and MR organisms failed to kill rabbits even 
in 0.1 cc. doses, but the animals receiving NR bacilli, as in the 
preceding experiment, developed fever (40°C.) and appeared ill for 
several days but recovered. 

Cultures were made from the spleen of all animals which suc- 
cumbed during the course of the virulence tests. The same forms 
of variant bacilli as those used for inoculation were recovered. 

Studies on the Stability or Reversibility of the Variant Forms 

Reversion in Broth. — Attempts were made to induce reversion 
from one form to another. The 3 variant forms were repeatedly 
grown in meat infusion broth. Transfers were made twice daily 
for 32 days. At intervals during this procedure the cultures were 
plated in semi-solid media and on the surface of agar plates, and 
examined. The bacteria were also tested for motility and for 
clumping in salt solution. 

During the experiment, the NR and the NS forms invariably 
reproduced only their respective kinds. No reversion occurred. 
However, after several transfers of the MR form, many MS colonies 
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of the original “normal” strain appeared among the MR colonies. 
Certain MR forms therefore reverted to the original MS form. 

Effect of Animal Passage . — Broth cultures of the 3 variant forms 
were injected intraperitoneally into hamsters. Large doses of hlR 
and NR strains were virulent when injected intraperitoneally instead 
of subcutaneously. The 3 strains were passed through 15 mice by 
intraperitoneal injection of peritoneal washings from mice killed by 
the bacilli. At intervals during this prd'cfedure the bacilli were 
plated in semi-solid medium and on solid agar, and the colonies 
were examined. 

The NS and NR forms were unaffected by mouse passage and 
did not revert to any other form. The MR form, on the other 
hand, showed a tendency to revert to the MS form. After the 
6th passage a few MS colonies appeared among many MR colonies. 
During subsequent flS) passages the proportion of MS to MR 
colonies gradually increased. 

Effect of Growth in Immune Serum .' — Since other bacteria have 
been found to revert from R to the S form during growth in anti- 
R sera, similar trials were made with hog cholera bacilli. The 3 
variant forms NS, MR and NR were transferred every other day 
in broth containing 10 per cent of NS, MR and NR anti-sera 
respectively for 2 weeks. The cultures were plated and examined 
at intervals. The NS form showed further dissociation into the 
NR form. NR bacilli also appeared among the MR forms during 
the transfers. The NR forms arising from the MR form were 
identical mth the NR forms which were derived from the NS bacilli. 
The NR form remained unchanged. It appeared from this test 
that growth in anti-R sera did not cause a reversion of the NR or 
MR forms to the original form but did cause further dissociation of 
the MR and NS organisms. 


SUMMARY 

The experiments recorded in the present paper confirm the c.xist- 
cnce of -1 forms of the hog cholera bacillus described in a previous 
paper (1), namely the “normal” type strain ^IS and its 3 variants, ' 
3\IR, NS and NR. Serological evidence is also presented to show 
that the s>TnboIs MS, MR, NS and NR represent the similar 
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conceptions of previous investigators who have used the letters OH, 
0, 0H and 0 respectively to designate variant forms of other 
organisms. It has been shown that the S form of the hog cholera 
bacillus, as the S forms of other bacteria, is more virulent for 
laboratory animals than the R forms. 

In regard to the reversibility of one form to another it was 
found that by transfer in broth or by passage through mice the 
MR form showed a tendency to revert to the original MS form. 
Transfer in broth and animal passage, however, failed to induce 
any variations in the NR or NS forms. Growth in homologous 
immune sera did not cause reversion to original forms but in fact 
provoked further dissociation of the MR to the NR form and also 
of the NS to the NR form. The MR form may revert to the 
original normal MS form or may dissociate further into the NR 
form and is, therefore, the most unstable of the variants. Further 
attempts to induce changes in the other variants were not made. 
The dissociation as observed may be represented thus; 


MS (OH) 

/ \\ 

i/ \\ 

NS (0) MR (0H) 


NR (0) NR (0) 
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RELATION OF VACCINAL IMMUNITY TO THE PERSIST- 
ENCE OF THE VIRUS IN RABBITS 

By peters. OLIT3KY, M.D., axd PERRIN H. LONG, M.D. 

(From iiie Laboratories of The Rockefeller IttsiUule for Medical Research) 
(Received for publication, June 20, 1929) 

In a recent preliminary communication (1) vre described briefly the 
isolation by cataphoresis of vaccine virus from rabbits entirely 
recovered from infection with it. By the method the virus can be 
concentrated from suspensions of tissues which fail to reveal infectivity 
in the usual tests of animal inoculation. We suggested that the 
immunity in virus diseases may be linked with the persistence in the 
body of living virus. In the present paper we intend to elaborate 
the subject and to offer additional experiments to support our 
conclusions. 

The presence of virtts in animals recovered from various virus infections. One 
of the outstanding instances of prolonged retention of a virus after recovery was 
that described by de Kock (2), in which the blood of a horse proved infectious 
seven years after an attack of equine pernicious anemia. As concerns foot-and- 
mouth disease (3), it was reported that a bull was infectious 2| years after recovery 
(Bang), and cattle after six months (LoeflJer); that the blood of a dead guinea pig 
contained the \'irus 198 days after inoculation (Fortner), and that material 
from the hoof of a healed animal yielded the active agent 34 days after infection 
(Olitsky, Traum, and Schoening). Lucas and Osgood (4) showed that the virus 
of poliomyelitis might be present in monkej'S for five months after recovery from 
an acute attack of the C-Tperimental disease. They found (5) the incitant of 
poliomyelitis in the filtered nasal secretion of a child four months after a second 
attack of the disease. The first attack of the disease had occurred two years 
previously, and Lucas and Osgood considered the second attack a recurrence, 
believing that the child had harbored the virus during the interval. 

The salivary gland wrus of the guinea pig can be obtained at any stage after 
infection and throughout the subsequent period of immunity (6). A similar 
condition pnrvails in contagious epithelioma of fowls (7). And the blood of 
horses injected with African horscsickness virus is infectious for three months (8). 
Moreover, Rivers' Virus III has been found in a transplantable neoplasm of the 
rabbit so long as the tumor lasts. It should be noted that the host meantime 
developed an immunity to the virus (9). 
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Noguchi found vaccine virus in tlic lymph nodes of a rabbit 28 days after 
inoculation and 22 days after cutaneous immunity was established (10), Re- 
cently, Douglas, Smith, and Price recovered tlie virus from the ovary or testicle, 
from the adrenal, tongue, and brain of rabbits 41 days after infectioii (11). Vac- 
cine virus, like Virus III, can persist in neoplasms of rabbits so long as these exist 
(12, 13). Rivers and Pearce found it after 64 days, and it had induced a resistance 
in the rabbit against vaccinal infection (13). Winkler (14) has reviewed the 
literature on the persistence of vaccinia and small pox viruses in man and cited 
several significant instances. 

SuBdent references have now been given to indicate that the persistence of 
viruses in recovered, and immune, animals is not an unusual phenomenon. Special 
mention should be made, however, of tlie fact that in 1887, L. Pfeiffer concluded 
from clinical observation mainly that a patient recovered from vaccination, and 
consequently immune, harbors the virus indefinitely, immunity being lost when it 
disappears from the body (15). 

CalapJtorcsis of vaedite innis. Douglas and Smith (16) have already shown 
that vaccine virus as contained in suspensions of tissues is, under ordinary condi- 
tions of hydrogen ion concentration, electronegative. The virus is capable of 
migrating in an electrical field to tire positive pole at from pH = 5.5 to 8.4. In 
their experiments, Todd’s apparatus (17) for determining the charge of bacterio- 
phage was used. 

It should be emphasized that in the present state of knowledge one cannot say 
definitely whether the virus itself or material containing the active agent carries 
the electronegative charge. 


EXPERIMENTAL 

Mode of Procedure 

Certain steps in the mode of procedure for the isolation of small quantities of 
vaccine virus by cataphoresis were taken on empirical grounds. After a few 
preliminary experiments we discarded rheostats and substituted the resistance 
offered by the suspensions of tissues themselves. We employed distilled water 
for making the suspensions, of which about 90 to 96 cc. were used in each test, and 
we permitted the current to flow over a period of three hours. That the combina- 
tion of these and other circumstances, to be described immediately in detail, 
proved satisfactory is exemplified by the fairly regular way in which virus was 
obtained from a number of samples that were inactive by ordinary tests. 

The vacdiic virus. The type of vaccine virus which was used was the neuro- 
vaccine of Levaditi (18), which we found generally active in dilutions of 1.100 
million of unfiltered testicular suspensions. Rabbits were injected intracu- 
taneously from 12 to 178 days prior to the cataphoresis test with testicular viriis, 
and all showed, after inoculation, the characteristic vaccinal lesions in the skin. 
At the time these rabbits were subjected to tlie test for presence of virus, they were, 
however, wholly recovered from the infection. 
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The tissue suspetision. Since it was desired to test the state of immunity of 
the rabbit after obtaining the results of cataphoresis, the skin, testicles, or spleen 
were removed under ether anesthesia and the animal allowed to recover.* 
The tissues were minced, then ground with sand, and made up with 100 cc. of 
distilled water to a homogeneous suspension. The water employed had, as a rule, 
a hydrogen ion concentration of 6.5 to 6.8. In some instances in which it was 
found desirable to increase the ionic content of the suspension, we employed as a 
vehicle, not water but phosphate-buffer solution (0.25 per cent KH2PO4) at 
pH = 7.5 or 7.6. The mixture was centrifuged very gently for the purpose of 
sedimenting large particles. The more or less turbid suspensions were used for 
cataphoresis, and among the several samples thus obtained, the hydrogen ion 
concentration varied from 6.3 to 7,8. This wide range did not influence the results 
of the test apparently. It should be added that the entire procedure was carried 
out under sterile conditions. 

The cataphoresis apparatus. An adaptation was made of the method employed 
by Todd (17) and by Field and Teague (19). The apparatus had the follow- 
ing arrangement; 

A lamp cord was plugged into the house current socket which carried a direct 
current of from 116 to 120 volts and 10 amperes. At a point on the positive wire 
of the cord was attached a milliampere meter with gradations on dial permitting 
single milliampere readings. To both positive and negative terminals zinc 
electrodes were attached which were cleaned at the beginning of the experiments 
and between times with 10 per cent sulphuric add, and then covered with an 
amalgam of mercury, so as to render them non-polarizable. The electrodes were 
placed in a glass dish containing 10-20 cc. of supersaturated zinc sulphate solution. 

On ring stands were damped three sterilized, glass U tubes, the over-all measure- 
ments of each being 10 cm. height and 5.5 cm, width, with a uniform bore of 1.5 
cm., and a capadty of from 40-44 cc. The curved part of each U tube was plugged 
with sterile cotton so as to prevent convection ourents. The three tubes were 
connected with each other and with the positive and negative electrodes by means of 
small, glass connecting tubes, also U-shaped. The over-all measurements of the 
connecting tubes, with the exception of the first, the one which extended from the 
positive electrode to the first U tube, were 6.5 cm. height, 3 cm. width, the uniform 
bore being 4 mm. The first connecting tube was constructed with the electrode 
arm much longer, namely, 12 cm., which prevented the zinc sulphate from wander- 
ing into the material in the first U tube. The connecting tubes were filled with 
ugar gel consisting of 1 per cent agar and 1 per cent sodium chloride in distilled 
water and sterilized. The pH of the agar was 6.6, but positive results could 
also be obtained when the reaction was adjusted to pH = 7.5 \rith phosphate-buffer 
solution or sodium hydro.xidc. Care was cicrdscd to prevent inclusion of air 
bubbles in the tubes, which could offer gaps to the current. In addition, a volt 
meter with single volt re.idings was employed to obtain the drop in potential 
through the system. Tliis varied from 1 15 to 119 volts in the system of U tubes. 


’ .Ml operations on am'mals were m.adc ivith the help of complete ether anesthesia. 
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or 1 to 2 volts less than the Jiouse current voltage, and was therefore between 
about 38 to 39 volts for each. 

The test. After removal of about 5 cc, of the tissue suspension intended for 
cataphorcsis, part of whidi was used to determine tlic hj'drogen ion concentration 
and part tlie activity of the suspension, from 30-32 cc. of the remainder were 
poured into each of Um U tubes. The connecting tubes were then adjusted so 
tliat eacli end penetrated the fluid in the U tube to tlie depth of 1 to 1.5 cm. The 
U tubes were plugged with sterile cotton and the glass part of the apparatus was 
covered with sterile cotton or gauze to prevent the entrance of air contaminants. 
t^Tien hydrostatic equilibrium was estabh'shed, the current was turned on and 
allowed to run for three hours. After the first 20 minutes there appeared, as a 
rule, a clearing at the catliodic part of the suspension and a clouding at the anodic 
part of botli the suspension and the agar of the connecting tubes. The change 
was progressive and reached its maximum after about two hours. 

When the current w’as discontinued after three hours, the connecting tubes 
were removed. From 2 to 3 cm. of the agar at each end, corresponding to positive 
and negative poles, was scooped out with a cataract knife. Into one mortar was 
placed the three anodic portions, and into another tlie three cathodic specimens. 
These were ground with 1.5 to 2 cc. of Ringer’s solution. The ground agar emul- 
sion was tlien injected intratesticularly by the usual method into rabbits, the 
pooled anodic material into one animal and tlie cathodic into another. If the 
agar contained virus, characteristic vaccinal orchitis developed, first showing 
itself in 24 to 48 hours. In any event, after three to four days, the testicles were 
removed and suspensions of them were injected into the skin of normal and 
of vaccine-virus immune rabbits, to confirm the original diagnosis. Finally, 
either before or after it was learned that virus was present or absent, the animal 
from which the tissue ivas removed for the cataphorcsis test was examined for its 
immunity. This was done by injecting endermically active vaccine virus in 
different dilutions of 1:10 to 1:10,000. A control normal rabbit was similarly 
inoculated for comparison. Immune animals showed within 24 hours the transi- 
tory Jenner-von Pirquet “immediate reaction,” that is, a hyperemia at the site of 
the injections of the 1 : 10 to 1 : 100 dilutions, whereas the normal rabbits responded 
at a later period with the characteristic vaccinal lesions and subsequent secondar)'- 
pustules in the case of all the dilutions. 

As preliminary tests, we studied by means of cataphorcsis vaccine-virus infected 
testicles of rabbits, at the height of reaction, suspended in phosphate buffer solu- 
tion at hydrogen ion concentrations of 6, 7.2, 7.5, and 8. In thoroughly controlled 
experiments, at all four reactions the virus was recovered only at the positive 
pole. We thus confirmed the earlier observation of Douglas and Smith (16) and 
also controlled the mode of procedure which we adopted. 
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RESULTS 

Presence of virus in recovered rabbits. Rabbits were examined which 
had been injected intracutaneously 12, 51, 56, 114, and 133 days 
before with neurovaccine virus. The animals had responded to the 
inoculation with characteristic vaccinal skin lesions. The suspensions 
of the testicles failed in each case to reveal vaccine virus by the 
ordinary test of animal inoculation; but, on the other hand, they 
yielded active virus after cataphoresis. The identity of the virus 
was revealed, first, by the characteristic dermal and testicular reac- 
tions following the injection in the manner described of pooled anodic 
material into normal rabbits, and secondly, by either the “immediate 
reaction” of immunity (the Jenner-von Pirquet phenomenon), follow- 
ing the injection of the same material into vaccine-virus recovered 
animals, or by absence of any reaction in such rabbits. The corre- 
sponding substance collected at the cathode was imiformly inactive. 

It was found that the active agent could be obtained from the tes- 
ticles of rabbits 133 days after inoculation and 123 days after complete 
recovery from cutaneous vaccine-virus infection. 

Relation of persistence of virus to immunity. The following protocol 
illustrates the relation of immunity to the persistence or loss of virus 
in rabbits which had been inoculated with it a considerable time 
before the test for immunity was made. 

SLt rabbits ivcrc used in this e-xperiment.- Rabbit A had been injected 
intracutaneously ^s•ith active neurovaccinc virus 133 days before the time of 
cataphoresis; Rabbit B, 143 days, and Rabbit C, 114 days. In the case of 
Rabbit D, a portion of the skin xvaS removed for test 121 days after the 
cutaneous vaccination, a testicle 128 days after it, and the spleen 133 days after. 
The testicles of Rabbit E were taken after 171 days and the spleen after 178 days; 
the testicle of Rabbit F after 170 days, and the spleen after 175 days,* These 
animals had been vaccinated as follows: 

Rabbit A had been injected cndcrmically with neurovaccinc xnrus in three sites. 
Into each of two areas was put 0.25 cc. of normal rabbit serum plus 0.25 cc. of 
virus, and into the third, 0.25 cc. of Ringer's solution and 0.25 cc. of xttus. .4ftcr 
48 to 72 hours all the sites showed characteristic vaccinal lesions, but tlie indiwdual 
reactions were not marked. Three other rabbits (controls for the activity of the 
virus) injected in a like manner with the same varus revealed similar changes 
in the skin. 

Rabbit B had been treated as was Rabbit .\ and it responded in a like manner 
to the injections. 

^ 5 Three of the rabbits were kindly placed at our disposal through the coopera- 
tion of Hr. Euran-Rcynals of The Rocl:crel]cr Institute. 



268 


VACCINAL IMMUNITY IN RABBITS 


Rabbit C had been inoculated intracutancously with a spcdal mixture of virus 
plus an extract of normal rabbit testicles— a combination which, as Duran-Rcynals 
has shown, enhances the activity of vaccine virus (20), After the endermic 
inoculation of 0.25 cc. of the virus and 0.5 cc. of the normal testicular extract, 
a t}’-pical lesion was noted Avhich, on the fifth da}-^, had spread considerably over 
the skin and was surrounded by numerous secondarj^ pustules. The reaction 
was much more severe than that noted in the other five rabbits. 

Rabbits D, E, and F had been injected endermically with usual stock neurovac- 
cine testicular virus and responded to a moderate degree with dermal vaccinal 
lesions. 

Suspensions of the organs were prepared for cataphoresis and the tests were 
conducted as already described. The following results were obtained: 

The testicular suspension derived from Rabbit A 133 days after the endermic 
inoculation of virus showed after cataphoresis no activity in tlie testicles of normal 
rabbits; ndr was virus found in the suspension by animal inoculation before 
applying the cataphoresis test. Rabbit A was then — 5 days later — subjected to 
an immunity test. It was inoculated into the skin at various points with active 
testicular virus in dilutions of 1:100 to 1:6,400 — to all of which the rabbit 
responded with cliaracteristic primary and secondary vaccinal lesions. 

A summary of cataphoresis and immunity tests on the remaining five rabbits 
is given in the following table. 


Rabbit 

Cataphoresis of 
suspension of 

Days after 
endermic inocu- 
lation of virus 

Virus recovered 

Immunity test 

Days after 
endermic inocu- 
lation of virus 

Result 

B 

Testicles 

143 

No 

158 

Not immune 

C 

Testicles 

114 

Yes j 

119 

Immune 

D 

Skin 

121 

No 

) 



Testicles 

128 

No 

[ 133 

Immune 


Spleen 

133 

Yes 

) 


E 

Testicles 

171 

No 

00 

Not immune 


Spleen 

178 

No 

) 


F 

Testicles 

170 

No 

1 183 

Not immune 


Spleen 

175 

No 

/ 



As the protocol and the table show, four of the rabbits which had 
been inoculated endermically with vaccine virus and responded with 
characteristic vaccinal lesions failed to yield virus from their tissues 
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133 to 178 days later. Two rabbits inoculated similarly yielded 
virus, one from the testicle after 114 days, the other from the spleen 
after 133 days. The tissue suspensions from these latter animals 
were ineffective by the usual tests of animal inoculation, but active 
virus was obtained from them by cataphoresis. The rabbits which 
failed to yield virus also failed to show immunity, whereas those 
which retained the virus exhibited a specific resistance to virus 
infection. 

In one instance, the virus could not be obtained from the skin on 
the 121st day after intracutaneous injection, nor from the testicles 
on the 128th day, but could be recovered from the spleen on the 133rd 
day. The single observation suggests that the spleen, as well as the 
testicle, may be concerned with the retention of virus. 

Relation of persistence of virus to inherited immunity. Beclere, 
Chambon, and Menard (21) give an instance suggesting that vaccinal 
virus may be transmitted through the placenta and affect the fetus. 

A patient was vaccinated during infancy and re-vaccinated on entry into the 
hospital, when she was eight months advanced in pregnancy. The re-vaccination 
caused an “immediate reaction” of hyperemia, showing that she still retained 
immunity. Parturition occurred one month later, when blood serum obtained 
from both the mother and the new-born child (umbilical cord blood) showed 
distinct virus-neutralizing power. In addition, two attempts at vaccination of 
. the infant, at 6 and 14 days’ age, were xmsuccessful. 

Ohtawara (22), in studying this problem by means of experiments 
on rabbits, also concludes that vaccine tnrus passes through the 
placenta and can consequently be found in the young. He believes, 
however, that the virus is present in the new-born only when it e.xists 
in the blood of the mother at the time of parturition. 

The ne.xt e.\periment, while providing a parallel to this clinical 
instance, adds support to the vdew that there may be a relationship 
between the persistence of vaccine \drus in an animal’s body and 
immunity to it. 

Wc injected two pregnant rabbits cndcrmically with vaccine virus, and later, 
after the young were bom and a few weeks’ old, each of the litter was subjected 
to a test for the presence of wrus and of immunity. 

a) R.abbit A was inoculated intracutancously with active \-irus 16 days before 
giving birth to three young. The animal responded with characteristic primarj' 
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and secondar}’’ vaccinal lesions. Two days before the birth of the young, the 
rabbit was normal in appearance. 

Two of tlie young, both females, were tested 32 and 62 days respectively after 
birth by the injection endermically of active vaccine virus in dilutions of 1 : 100 
to 1 : 1000. They proved completely resistant to infection. A male of the litter 
was castrated under ether when 35 days old and allowed to recover, for the purposes 
of a later immunity test. The testicular suspension as such proved inactive, but 
after cataphoresis anodic material induced in a normal rabbit characteristic 
vaccinal orchitis. The height of the reaction occurred on the fifth day, when the 
involved testicle was removed and a suspension of it injected into the skin of 
anotlier normal rabbit. Dilutions of 1:10 to 1:1000 induced characteristic pri- 
marj' and secondary vaccinal lesions, although the same suspension in dilutions of 
1 : 10 to 1 : 100 only caused the transitory “immediate reaction” after inoculation 
into a vaccine-immune animal. The young rabbit which had originally been 
castrated was injected endermically when 62 days old with active, controlled 
virus in dilutions of 1 : 100 to 1 : 1000, It proved completely resistant to infection. 

b) Rabbit B was inoculated intracutaneously with virus 28 days before she 
gave birth to a litter of young. Characteristic vaccinal lesions resulted which 
were healed at the time of parturition. One of the young, a female, was inoculated 
cutaneously with virus at the age of 32 days. Lesions of vaccinal infection 
developed in dilutions up to 1 : 100,000. Two others of the litter, ako females, 
were likewise found to be susceptible to vaccine-virus infection. 

From this experiment it can be inferred that vaccine virus passes 
through the placenta of the rabbit and consequently can be found in 
the fetus. As in the case of man, the placental passage is not a con- 
stant phenomenon. The results support, therefore, the earlier obser- 
vations of Ohtawara (22). 

In one of the two tests Just described, the virus was obtained from 
the testicle of one of the resistant young of a recently vaccinated 
mother. This young rabbit was itself resistant to vaccinal re-infection 
when tested more than two months after birth. 

In the second test, dealing with a litter of three females from which 
no suitable tissues were taken for cataphoresis, all of the offspring 
were susceptible to vaccinal infection. In this case the mother was 
inoculated 28 days before the birth of the young, 

DISCUSSION 

The results of the experiments presented herewith would seem to 
suggest that recovery from vaccine-virus infection is followed by the 
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persistence of virus in the body for an indefinite period. During 
this period, the animal appears to be resistant to re-infection; on the 
other hand, when the virus eventually disappears from the tissues, 
immunity is lost. We have found that by applying cataphoresis to 
the tissues of animals long previously infected with vaccine virus and 
still resistant, we could recover the virus, whereas none could be 
obtained from rabbits similarly inoculated but no longer immune. 

The results of recent experiments on virus-immune serum reactions 
are in line with the conception here discussed. The older view is that 
virus is destroyed by certain “virucidal” agents, or is completely 
eliminated from the body on recovery from infection. Recently, 
Todd, Andrewes, and ourselves (1, 23) have demonstrated that in 
some cases at least immune serum does not act either in vivo or in 
vitro in a manner to destroy virus. Now it has been shown as a 
corollary that a virus can be obtained from animals’ tissues long after 
recovery from infection. The fact that up to the present time it has 
been impossible to secure active immunity against filterable-virus 
diseases unless living virus is used (24) can be viewed as corroboratory 
evidence. The unusual case of Lucas and Osgood (5) of a second 
attack of poliomyelitis in a child after two years can be e.xplained as 
due to an absence of virus at that time in the patient, ndth consequent 
loss of immunity. The consensus of opinion is that man should be 
re-vaccinated within seven years because the immunity conferred by 
vaccination may be lost within this period. In the e.vperiments here 
presented, certain rabbits failed to jdeld vaccine virus from their 
tissues after 133, 143, 170, 171, 175, and 178 days; and each of these 
animals vras shown to be susceptible to re-infection. 

CONCLUSIONS 

1. By means of cataphoresis vaccine virus can be obtained from 
suspensions of tissue which are inactive b}’^ the usual tests of ani- 
mal inoculation. 

2. Active xarus can be obtained by cataphoresis from the tissues 
of rabbits long recovered from the efTccts of cutaneous vaccination. 

3. Exddcncc is brought fonvard which suggests that immunity in 
a xnrus disease, such as vaccinia, may be linked with the persistence 
in the body of Tnang xdrus. 
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TBE EFFECT OF CATAPHORESIS ON POLIOAIYELITIS 

VIRUS 
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{Front the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication. May 25, 1929) 

Recent investigations in the field of filterable viruses have been 
marked by a tendency to apply to the disease-producing agents of this 
class certain biological principles which govern the reactions of bac- 
teria. Of particular interest have been the observations on the be- 
havior of viruses in an electrical field (1, 2, 3). By means of cata- 
phoresis of virus suspensions, it has been fotmd that the effective 
agent could be revealed in tissues which, by the usual tests of animal 
inoculation, failed to show activity. This results from the migration 
of the virus, or possibly, of the material in a suspension carrying the 
virus, to one or the other pole, depending on the charge. Thus vac- 
cine virus under ordinary conditions of hydrogen ion concentration 
migrates to the anode (2, 3). By this method, furthermore, vaccine 
virus has been isolated from rabbits wholly recovered from infection 
and several weeks or months after vaccination (3, 4). Finally, cata- 
phoresis has been of use in separating vaccine virus from neutral virus- 
immune serum mixtures (5). Since these observations have a bear- 
ing on immunity in virus diseases, it was determined to ascertmn the 
behavior of the poliomyelitic virus in an electrical field. 

Method 

The apparatus used was a modification of that described by Field and Teague 
(6) and by Todd (1). The details will be given by Olitsky and Long (4) in another 
communication. It is sufficient to say here that three large U tubes were em- 
ployed, the combined capacity of which was about 96 cc. of fluid. The ends of 
the connecting tubes which dipped into the fluid under observation contained 1 
per cent agar and 1 per cent NaCl. This furnished a convenient method for col- 
lecting the particles containing the virus, or the virus itself, which migrated with 
the current. From 114 to 1 1 /.a volts and O.S to 4.2 milliampcres were passed for 
5 hours through the fluid under examination between non-polarizable electrodes. 



274 EFPECT OF CATAPHORESIS ON POLIOMYELITIS VIRUS 


At the end of the period the agar plugs were removed under sterile conditions, 
ground in 1 cc. of Ringer’s solution, and inoculated intracerebrall}-- in monkeys.^ 
The mode of preparation of the fluid will be given with each of the following 
experiments. 

The first step was to determine whether the virus of poliomyelitis 
possessed the property of migrating in an electric field. 

Experiment 1 . — A piece of spinal cord of a monkc}’- dead of topical e.\perimental 
poliomyelitis was used. The nervous tissue was emulsified in 100 cc. of distilled 
water under aseptic conditions. The cataphoresis test.was done as follows: milli- 
amperes current, 0.8; potential drop, 117 volts; time, 3 hours; pH of the suspen- 
sion, 6.9. After 30 minutes the fluid at the cathodes was clear and that at the 
anodes cloud3^ After 2 hours the cathodic material was quite clear for a distance 
of 2 cm. from tlie surface and the remainder was partly clear. The agar from the 
positive poles contained a diffuse whitish cloud and that from the negative pole 
was translucent. Maeacus rhesus 1 w'as inoculated intracerebrally with 1 cc. of 
Ringer’s solution containing the ground agar from the positive poles. On the 
ninth day after inoculation the animal was excited and tremulous and both legs 
were paralyzed. On the tenth day the prostrate monkey was etherized. The 
gross and microscopical lesions of the spinal cord and brain w’ere typical of polio- 
myelitis. Macacus rhesus 2 received a similar intracerebral inoculation of Ringer’s 
solution containing the agar from the negative poles of the same experiment. On 
the fifteenth day after inoculation all four limbs were paralyzed and the animal v.’as 
prostrate. The monkey was etherized and tlie gross and microscopic lesions of the 
nervous system were typical of poliomyelitis. 

From the fact that the animal inoculated with anodic material 
developed poliomyelitis fir^, we weye led to suppose that the virus 
probably carried a negative charge. Since the monkey inoculated 
with the cathodic material also contracted the disease, although after 
a somewhat longer incubation period, it was thought that probably 
the virus suspension was too strong, and part of the virus adhered to 
the cathodic agar. To obviate this difficulty we next employed a 
Berkefeld "V” filtrate of a 5 per cent suspension of the active nervous 
tissue. 

Experment 2 . — The spinal cord from a monkey with poliomyelitis was made 
into a 5 per cent suspension in distilled water. The emulsion was passed through 
a Berkefeld “V” candle and placed in the cataphoresis apparatus. The conditions 

^ All experimental procedures on animals were made with the aid of deep ether 
anesthesia. 
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were: milliamperes, 0.8; potential drop, 116 volts; time, 3 hours. The pH of the 
filtrate was 6.5. Contrary to the previous experiment, in which suspension was 
used, the clearing in this case appeared at the positive pole and the cathodic 
material remained cloudy. Macactis rhesus 3 was inoculated intracerebrally with 
1 cc. of Ringer’s solution containing the groimd agar from the positive pole. The 
fifth day after inoculation the animal was excited, weak, and ataxic. The next 
day a marked tremor and partial paralysis of aU limbs were present. On the 
seventh day the animal was prostrate, and on the eleventh it was etherized. The 
lesions of the nervous system were typical of poliomyelitis. Macacus rhesus 4 
(control) was inoculated the same day with the material from the negative pole. 
This monkey remained well throughout the period of observation. 

It -will be noted that the virus collected at the positive pole. It is of 
interest that the clouding due to migration of proteins in the fluid 
appeared at the pole opposite to the one at which the virus was found. 

The next experiment was designed to recover by cataphoresis the 
virus from a non-infectious, neutral mixture of poliomyelitis virus and 
convalescent serum. 

Experiment 3. — Poliomyelitis material of the pooled mixed virus strain which 
had been glycerolated for some time was made into a 5 per cent emulsion in salt 
solution and passed through a Berkefeld “V” filter. 50 cc. of the filtrate was 
mixed with an equal volume of human convalescent senun. 4 cc. of this mixture 
was inoculated intraspinally and intracerebrally in Macacus rhesus 5 (control). 
No symptoms developed. The material was therefore considered to have been 
neutralized. The remainder of the mixture was subjected to cataphoresis xmder 
the following conditions: milliamperes, 4.2; potential drop, 114 volts; time, 3 
hours; pH = 6. Macacus rhesus 6 was inoculated intracerebrally with 1 cc. of 
Ringer's solution containing the agar from the positive pole. On the eleventh day 
after inoculation the animal was excited, slow in movement, and tremulous. 
Ptosis and a right facial parab'sis were present. On the twelfth day the monkey 
was ataxic and partially paralyzed in all four limbs. The thirteenth day the pros- 
trate animal was etherized. The gross and microscopic lesions in the spinal cord 
and brain confirmed the diagnosis of poliomyelitis. Macacus rhesus 7 (control) 
was inoculated intracerebrally on the same day with the emulsified agar from the 
negative pole of the same e.xpcriment. No sjTnptoms developed. 

The c-xperiment shows unmistakably that active poliomyelitis 
xnrus can be separated from a non-infective, neutral mixture of the 
\arus and its specific immune scrum. We can thus conclude that the 
virus is not killed by the antiserum but only held in some sort of an 
incficctivc combination. The result also confirms the previous obscr- 
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vation that under the conditions of the experiment poliomyelitis virus 
bears a negative charge. 

Since it was found possible to regain active poliomyelitis virus from 
the neutral mixture, it was thought advisable to attempt to isolate 
virus from an animal which had recovered from the disease. 

Expcriinc7tt 4. — A monkey, Macacus rhesus 8, was selected which had developed 
typical poliomyelitis 6 days after an intracerebral inoculation of virus. Almost 
complete paralysis of both arms and partial paralysis of the legs had e.xisted for 4 
days, followed bj^ rapid recover)', so that by the eleventh day there was little 
disability. During the ne.xt 12 days the monkey ran and jumped about with 
almost normal vigor. At this time, or 23 days after infection, the animal was 
etherized and tlie spinal cord made into a 5 per cent suspension in salt solution. 
Cataphoresis was carried out under the following conditions; milliamperes, 0.8; 
potential drop, 117.5 volts; time, 3 hours; pH = 6.8. Macacus rhesus 9 was in- 
oculated intracerebrally with the agar suspension from the positive pole. On the 
eighteenth day tremor, ataxia, and partial paralysis of both arms appeared. On 
the nineteenth the monkey was prostrate and was etherized. The gross and micro- 
scopic examination of the central nervous system confirmed the diagnosis of polio- 
myelitis. Macacus rhesus 10 (control) was inoculated intracerebrally with the 
material from the negative pole and 11 (control) with the suspension of central 
nervous system before cataphoresis had been performed. Neither animal de- 
veloped poliomyelitis. 

This experiment brings out the interesting fact that active virus 
persists in the nervous tissues for a period after recovery from polio- 
myelitis. Since ordinary inoculation of central nervous tissues before 
cataphoresis was without effect, the positive result indicates either 
that the antibody concentration in the tissues is sufficient to have 
neutralized the virus associated with it on injection in our e.xperiment, 
or that in the recovered monkeys the virus is present in too minute 
quantity to be detected by the usual mode of inoculation. The tests 
described demonstrate that the virus of poliomyelitis may be sepa- 
rated in effective quantity from neutral mixtures of virus and immune 
serum or further that it can be concentrated at the positive pole from 
dilute virus filtrates. 

CONCLUSIONS 

1. Under ordinary conditions of hydrogen ion concentration the 
virus of poliomyelitis, as such, or associated with particles in fine sus- 
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pension, migrates in an electrical field to the anode. It follows that 
the virus bears an electronegative charge. 

2. By means of cataphoresis, the virus can be recovered from a 
non-infective mixture of virus and specific immune serum. 

3. By the same means it is possible to reveal the presence of virus 
in the central nervous system of a monkey which has recovered from 
the active stage of experimental poliomyelitis. 
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It is well known that fresh milk or milk heated at 58° or 60°C. for 
20 minutes will inhibit the growth of a variety of organisms, while 
when milk is heated at a temperature of 80°C. or more the inhibitory 
principle is destroyed. That different streptococci behave differently 
when introduced into the same milk is brought out by the following 
observation: The growth of the nonhemolytic mastitis streptococ- 
cus is inhibited during the first 6 or 8 hours foUondng inoculation 
and then growth begins and continues rapidly; but scarlet fever 
streptococci implanted in portions of the same milk gradually diminish 
in numbers until the milk finally becomes sterile. Both organisms 
grow readily in milk that has been boiled for 5 minutes. 

It appeared to us that a more careful study of the end of the lag 
phase and the beginning of grow’th in the case of the mastitis strepto- 
coccus might throw some light on the relation between the inhibiting 
agent and the implanted organisms and perhaps help to explain the 
mode of action of the inhibitory substance. With these points in \oew 
a series of experiments was undertaken. 

Expcriinailal 

Milk was obtained principally from two cows. Care was taken to prevent 
contamination by drawing the milk directly from the cleansed udder into sterile 
bottles. It was chilled at once, freed of fat by centrifugation, heated at 5S°C. 
for 20 minutes, and refrigerated until used. As a rule it was 2 or more days old 
when inoculated. The culture usually employed was the nonhemolytic mastitis 
streptococcus which had been kept on artificial media. Subcultures for inocula- 
tion were made in broth and used after incubation at 3S°C. for 10 hours. Fur- 
ther details arc recorded in the protocols. 
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The eflfect of milk on the growth of the mastitis streptococcus is 
considered in Experiment 1. 

Expcrimcnl 1. Proportionate quantities of milk heated at 58°C. for 20 minutes 
or boiled for 5 minutes were inoculated with the diluted broth culture of the mastitis 
streptococcus and incubated at 3S°C. in a water bath. Portions were plated with 
12 cc. of melted agar (veal infusion) immediately after inoculation and at intervals 
thereafter, and the colonies counted after 24 hours incubation at 38°C. Previous 



Fig. 1, Retardation of bacterial growth in milk previously heated at 58°C. for 
20 minutes as compared with growth in boiled milk. 

tests had shown that the lag period was relatively short in the sample which had 
first been boiled, so that platings were made at 15 minute intervals from the time 
of inoculation. The milk which had been heated at 58°C. was known to be 
inhibitory for this particular strain during the first 4 or 5 hours and it was only 
after 5 hours that frequent platings were made. The results are given in Table I 
and plotted in Fig. 1. They are typical for this organism imder these conditions. 

A similar experiment in which the intervals between platings were 
increased to 30 minutes showed substantially the same results, and 
the results have also been plotted in Fig. 1. 
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It wiU be noted from the data submitted that in tbe milk heated at 
58°C. for 20 minutes the organisms tend to decline slightly in niunbers 
during the first 6 hours. This phase is followed by a sharp “break” 
in which the organisms begin to multiply at a rapid rate and continue 
to do so throughout the period of observation. In the boiled milk the 
lag does not last longer than the first hour after which rapid growth 


TABLE I 


Growth of Mastitis Streptococcus i\i Milk 


Milk boUed for 5 ssios. 

Milk heated at SS^C. for 20 mins. 

Trnie in hours 

B “ bacterial 

Log B 

Time in hours 

B » bacterial 

Log B 

after inoculation 

count 

after inoculation 

count 

0 

896 

2.95 

0 

320 

2.47 

0.25 

704 

2.85 

4.0 

412 

2.60 

.50 

1,280 

3.11 

5.0 

307 

2.48 

.70 

896 

2.95 

5.25 

371 

2.57 

1.00 

1,280 

3.11 

5.50 

243 

2.38 

1.25 

2,110 

3.32 

5.75 

345 

2.55 

1.50 

3,780 

3.45 

1 6.0 

179 

2.26 

1.75 

6,460 

3.81 

6.25 

665 

2.85 

2.00 

5,760 

3.76 

6.5 

2,430 

3.38 

2.25 

8,060 

3.91 

6.75 

11,000 

4.04 

2.50 

13,300 

4.12 

7.0 

57,600 

4.76 

2.75 

26,900 

4.42 

7.25 

69,100 

4.84 

3.00 

69,100 

4.84 

7.5 

127,000 

5.10 

3.25 

85,100 

4.93 

7,75 

250,000 

5.40 

3.50 

108,000 

5.04 

8.0 


3.75 

313,000 

5.50 




4.00 

350,000 

5.55 





begins. Repeated experiments have regularly sho^^•n that the onset of 
growth is sudden in milk heated at 58'’C. 

Three explanations to account for the sudden onset of growth in the 
milk prcinously heated at 58°C. for 20 minutes presented themselves: 

(1) That the inhibitorj’’ substance is utilized at some time during the 
lag period ndth the result that the uninliibited organisms grow rapidly; 

(2) that a resistant form is present from the start but onlj' slowly 
multiplies to an appreciable number; and (3) that at some time during 
the lag period a resistant form develops which is capable of rapid 
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growtli. Tlie next three experiments were designed to test the impor- 
tance of these factors. 


TABLE n 

Dcuioiistralioii lliai (he Inhibitory Subsiaf/cc Is No( Utilized during the Lag Phase 
(B =: bacterial count, i.c., number of colonics per cc.) 

A 


Time in hours after 
inoculation j 

lioilcd milk 

hlilk healed at 58”C. 

B 

losB 

B 

logB 

0 

384 

2.58 

358 

2.55 

2 

4,740 

3.68 

409 

2.61 

4 

86,000 1 

4.93 

499 

2.70 

5 1 



1,340 

3.13 

5.5 



1,730 

3.24 

5.75 



2,500* 

3.40* 

6.0 



3,700t 

‘ 3.57t 

6.25 



9,340^ 

3.9711 

6.5 



26,600 

4.43 


B 


Behavior of the Mastitis Streptococcus in Portions of A Removed at Various Times 


Time in 
hours 

5} hr. portion,* boiled 

6 hr. portion,! 5S°C. 

61 hr. portion, V SS°C. 

Control portion re- 
heated at S8'C. after 

6 hrs. incubation 


B 

log B 

B 

logB 

B 

logB 

B 

logB 

0 

576 

2.76 

768 

2.89 

640 

2.81 

hos 

2.89 

1 

2,300 

3.36 

435 

2.64 


2.71 


2.61 

2 

9,120 

3.96 

420 

2.62 


2.76 

435 

2.64 

3 

46,100 

4.66 

450 

2.65 

380 

2.58 


2.53 

4 

CD 

OD 

250 


1,540 

3.19 

320 

2.50 

5 

CD 

CD 

2,000 





2.49 

6 

<» 

CO 

5,760 

3.76 

CD 

CD 


2.71 












''' t *[j The symbols indicate portions of A removed, heated and tested in B. 


Experiment 2. Milk handled in the same manner as in Experiment 1 was 
divided into two lots. One lot, for control purposes, was boiled before inoculation 
and plated at 2 hour intervals during incubation at 38°C. The other lot wm 
heated at S8°C. for 20 minutes, and likewise inoculated when cool. Portions of it 
were plated at 2 hour intervals for a time. The intervals were later decreased to 
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15 minutes. 10 cc. samples were removed after 5|, 6, and dj hours incubation. 
The first tube of inoculated milk, removed after Sf hours incubation, was boiled 
5 minutes; and the other two, removed at 6 and 6^ hours, respectively , were heated 
at 58°C. for 20 minutes to kill the implanted streptococci, A fourth tube of milk 
handled in the same manner but uninoculated was incubated for 6 hours and 
reheated at 58°C. It served as an additional control. All four samples were kept 
in the refrigerator overnight and in the morning were reinoculated with the culture 
and incubated at 38°C. Portions were plated each hour. The data are given in 
Table II and Fig. 2. 



period. 

It will be noted that the samples removed from the inoculated milk 
after 6 and 6^- hours and then heated sufficiently to destroy the inocu- 
lated strcptococd were still capable of producing considerable lag. 
It is e\ident that, though growth had taken place, the principle had 
been only slightly utilized. The contents of one of the control tubes 
inoculated and incubated for aj hours and then boiled afforded a good 
culture medium from the first, whereas the action of the principle in 
the uninoculated milk had not been impaired either by incubation or 
rcpastcuri ration. 
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Since this experiment showed that the inhibitoiy substance had not 
been completely utilized, attention was turned to the possibility of an 
adaptation to tlie inhibitory substance on the part of the organism. 
The next two experiments furnished evidence compatible with the 
view tliat the organism adapts itself to die inhibitory principle. 


TABLE m 


A. Ejfccl of Fresh Milk on the Mastitis Streptococcus during the Lag Phase and the 

Beginning of the Growth Phase 


Time in hours 

Boiled mQk 

SS'C. milk 

n 

logB 

B 

log B 

0 

512 

2.71 

640 

2.80 

2 

3,840 

3.58 

434 

2.64 

4 

39,000 

4.59 

512 

2.71 

4.5 

87,700 

4.94 

578* 

2.76 

5.5 

495,000 

5.70 

l,540t 

3.19 

6.5 

GO 

CD 

13,lO0i[ 

4.12 

7.5 

CD 

CO 

67,000§ 

4.83 


B. Subcultures Made by Centrifuging A and Exposing the Streptococci to the Action of 

Fresh Milk (Heated at 5S°C.) 


Time in 
hours 

4} hr. culture* 

S§ hr. cuUurct 

6} hr. culture V 

7{ hr. cultures 

B 

log B 

B 

log B 

B 

log B 

B 

logB 

0 

■ni 

3.01 


3.31 

1 

4.15 

BUB 

4.81 

0.5 

! S 

3.01 


3.55 


4.31 


4.88 

1 

I n 

3.01 

5,450 

3.74 


4.46 


5.03 

2 


3.85 


4.43 

■Su[| 

4.89 

RMS 

5.33 

3 

1 n 

4.15 


4.68 


5.33 

BiBoS 

5.70 

4 

QB 

4.77 

BBI 

5.69 


5.86 

CO 

CO 


* t H § These symbols indicate subcultures in B derived from the respective 
portions of A. 


Experiment 3. 25 cc. of fresh milk which had been heated at 58°C. for 20 
minutes, and 5 cc. of the same lot which had been boiled for 5 minutes were inocu- 
lated with proportionate quantities of, mastitis streptococci. Both tubes were 
incubated at 38°C. and portions plated at regular intervals. 5 cc. portions of 
the milk that had been heated at S8°C. were removed at 4§, SJ, 6^, and 71 hours 
and centrifuged. The streptococci obtained from the sediment were mixed with 
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5 cc. of fresh milkpre'riously heated at 58°C. and again incubated. Care vras taken 
not to the tubes during the process and the fresh milk vras rvanned to SS^C. 
before it vras added. Portions of each series were plated at intervals. The results 
are given in Table HI and Fig. 3. 

It will be seen from the data that the period of inhibition extended 
to about the 5th hour in the milk that had been first heated at 58°C., 



Fig. 3. Effect of fresh (pasteurized) milk on the rate of growth of mastitis 
streptococci removed from the original milk culture. 

then the usual sharp break occurred and rapid growth ensued. The 
bacteria removed about one half hour before the lag phase ended failed 
to multiply during the first hour of e.xposurc in fresh milk but grew 
rapidly thereafter. Thus in spite of the e.xposure to fresh milk the 
period of lag was about the same. On the other hand the organisms 
removed during the active growth phase (51, 6i, and 71 hours after 
inoculation) all grew without lag in the fresh milk. 

Experiment 4 shows that the streptococcus adapts itself to milk. 
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Expcrivicitl 4. Milk previously heated at 58°C. for 20 minutes was distributed 
in sterile tubes as follows: 1 tube containing 5 cc., and 4 tubes each containing 
4 cc. To tlie tube containing 5 cc., 0.1 cc. of a 16 hour broth culture of tlic mas- 
tititis streptococcus was added and a sample plated at once to determine the num- 
ber of streptococci. The tube was then placed in the water bath at 38°C. At the 
end of 1 5 hours, 1 cc. was removed and added to one of the tubes containing 4 cc. 
of milk. A portion of the contents of the original tube was plated as was the 


TABLE W 


Total 
time of 
incuba- 
tion in 
hours 

Tube 

No. 

Contents 

Time of 
incuba- 
tion for 
each 
tube in 
hours 

Colonies 
in nl.ates 

" 625 

, BD 
^S625 

B = cal- 
culated 
bacteria 
per cc. 

A. Adaptation of the Mastitis Streptococcus to Frequently Added Milk 

0 

1 

0.1 cc. culture + 5 cc. milk 

0 


3.20 

1,000,000 

1^- 



I’l 

1,280 

3.11 

800,000 

n 

2 

1 cc. from Tube 1 4 cc. milk 

0 


3.04 

136,000 

3.0 





2.92 

104,000 

3.0 

3 

1 cc. from Tube 2 -}- 4 cc. milk 

0 

896 

2.95 

22,400 




IJ 


2.85 
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B. Coutrol Experiment with Boiled Milk 
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mixture in the second tube. After incubation for another 1^ hours, 1 cc. of the 
second tube was added to 4 cc. of milk, and plates were prepared as before. This 
procedure was repeated at the end of 4J hours and 6 hours, so that tlie inoculated 
streptococci were regularly diluted and exposed to the action of fresh milk at in- 
tervals of hours. A control series w’as carried on in boiled milk. The plate 
cultures were always prepared with the same amount of fluid. 

With respect to the first tube the five tubes had dilutions of 0, 1:5, 1.25, 
1:125, and 1:625 respectively. In order that the bacterial counts might be 
comparable the milk was diluted with sterile NaCl solution before plating, as 
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follows: 1:625, 1:125, 1:25, 1:5, and 0, respectively, thus making all platings 
on a dilution of 1:625 of the mixture in the first tube. 

If B is the bacterial count per cc. and D is the dilution (1, 5, 25, etc.), then 
BD/625 represents the count in each plate. These values are given in Table IV. 

In spite of the fact that the mastitis streptococcus was exposed to 
the action of fresh milk at intervals of hours it was able to establish 



Fig. 4. Effect of milk added at frequent intcrv'als on the growth of the mastitis 
streptococcus. The bacterial counts are corrected for the amount of dilution. 

itself and begin to grow. The procedure, however, had two recog- 
nizable effects: first, it increased the lag period from about 4 hours in 
the milk control tube to about 6 hours in the e.xperimental series, and 
further, there was a gradual but consistent decline in the number of 
strcptoOTCci until growth began. WTicn the same experiment was 
done with boiled milk the streptococci increased throughout and the 
addition of fresh portions of boiled milk failed to retard growth. 
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Aside from tlie fact that the mastitis streptococcus becomes adapted 
to the inhibitory effect of milk the results in Experiment 2 indicated 
that a small portion of the principle had been utilized during tlie early 
phase of active growth. Ex-periments earlier reported* have shown 
that when milk is heavily seeded witli bacteria and incubated sufE- 
ciently long to insure multiplication the inhibitory effect disappears. 
The question arises as to whether tlie utilization can be considered an 
adsorption by the bacterial cells. Experiment 5 is designed to throw 
light on this phase of the problem. 


TABLE V 

Bactericidal Activity of Milk Previously Treated with Living or Dead Scarlet Fcicr 

Streptococci 


Tunc in hours 

Milk heated at SS'C. 

Milk incubated and refrigerated, 
then heated at 58"C. 

Boiled milk 
(combined from 
all tubes) 

Incubated vfith 
dead strepto- 
cocei^ then 
centrifuged 

Control milk 

Incubated with 
live streptococci, 
centrifuged and 
heated at SS'C. 

Control milk 

0 

428 j 

428 

384 1 

384 1 

576 

2 

345 

166 

320 

217 

13,820 

4 

192 

153 

230 

77 

CO 

6 

12 

4 

12 

2 

CO 

8 

5 

1 

3 

6 

CO 

24 

0 

0 

0 

0 


48 

0 

0 

0 

0 



Experiment 5. Mi.\eci milk from five cows was chilled and freed from fat and 
IS cc. amounts placed in four sterile tubes. Two of the tubes were heated at 5S°C. 
for 20 minutes. One tube served as control, and to the other were added scarlet 
fever streptococci from 500 cc. of 48 hour broth culture which had been heated at 
60°C. for 20 minutes. The two other tubes were not heated until after incubation. 
To one of these tlie scarlet fever streptococci from 500 cc. of 48 hour broth culture 
were added. All four tubes were incubated 2 hours and refrigerated 18 hours. 
The second pair of tubes, which had not been heated, were then heated at 58 C. for 
20 minutes. All four tubes were centrifuged and the supernatant fluid was 
distributed into small tubes and reinoculated with scarlet fever streptococci. 
The results are given in Table V. 


* Jones, F. S., and Little, R. B., J. Exp. Med., 1927, 45, 319. 
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The experiment 'was also perfonned with large quantities of mastitis 
streptococci. In no case was the inhibitory substance appreciably 
removed by dead streptococci or by viable organisms, pro-vided always 
that the tubes were not incubated sufficiently long to permit growth. 

DISCUSSION 

The experiments have shown that when mastitis streptococci are 
introduced in small numbers into milk pre-viously heated at 58°C. for 
20 minutes there is a lag in growth of 5 or 6 hours succeeded by an 
abrupt increase which continues at a rapid rate (Fig. 1). The experi- 
ments further indicate that the inhibitory principle is not destroyed 
during this period since sufficient remains to inhibit the growth of a 
similar culture for about 4 hours (Fig. 2). Furthermore had the 
substance been completely destroyed during the lag period the break in 
the curve would not have been as sharp. 

The explanation that a resistant form is present from the start and 
requires a period of time to multiply to an appreciable number, can 
be immediately discarded from the shape of the curves in Fig. 1. 
Here we have plotted the logarithms of the bacterial count against 
time of incubation. Milk previously heated at 58°C. is shovTi to 
produce a long lag, followed by a sharp break and rapid growth. 
The experiment was performed enough times and at intervals suffi- 
ciently close for us to be certain of the abruptness of the change. 
Even if only one bacterium of a strain resistant to the inhibitory 
agent had been present at the time of inoculation, this one bacterium, 
if it multiplied at the rate shown to be typical of the sur^nving forms, 
could have produced a lag of not more than 3 hours. This calcula- 
tion takes into account the normal lag of 1 hour which is found when 
the streptococcus is grown in boiled milk. Thus, if we take the curve 
after the lag period and e.xtrapolate it to zero time, as indicated by 
the dash line in Fig. 1, we fmd that if the surviwng bacteria were grown 
from a single resistant organism this organism was not produced until 
the 5th hour. 

Tire findings justify us in concluding that masUtis streptococci 
become adapted to the inhibitor}' agent. Further proof of this con- 
clusion is given by Experiment 3 in which bacteria sut^-iWng the lag 
period are found to grow rapidly, without lag, when placed in fresh 
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milk. From Fig. 3 it will be seen that mastitis streptococci removed 
from milk cultures after various periods of incubation and placed 
in fresh milk behave much as if the}^ had been left in tlie original 
culture. The 4v hour sample had not reached the period of rapid 
growth and showed a, short lag in fresh milk. Tlic streptococci 
removed after rapid growth showed no lag. 

The results of the experiment cited raise the question as to what 
would occur if the bacteria were frequently placed in fresh milk 
during the period of incubation. This was tested in E.yperiment 4, 
the conditions of which resemble in some respects those found in the 
udder. In this experiment a milk culture of mastitis streptococci 
was diluted 1:5 witli fresh (pasteurized) milk each U- hours. The 
tabulated bacterial count (B) is corrected for tlie dilution (D) so that 
the numerical value of BD/625 represents the bacteria per cc. for all 
cultureSj on tlie basis of the dilution in the last culture. Fig. 4 shows 
that in spite of clianging the milk each 1| hours, the streptococcus 
develops a resistant type in 6 hours, whereas a lag of 4 hours occurred 
in the control tube the milk of wliich was not changed. As a result 
of the repeated additions of milk there was approximately a 25 per 
cent mortality among the streptococci. When the experiment was 
performed witli boiled milk as a medium, rapid multiplication took 
place in spite of the frequent dilutions. 

It has been shown- that scarlet fever streptococci die in milk. 
Their numbers gradually decline during the first 24 hours and finally 
the milk becomes sterile. The fact that the effect is not one of lysis is 
readily determined by microscopic examination, since intact strepto- 
cocci may be demonstrated in the milk. It would seem that the action 
of milk against both the bovine and the scarlet fever streptococcus 
involves a factor whicli prevents multiplication. In the case of the 
mastitis streptococcus cell division is prevented for a time but a resist- 
ant type that is capable of multiplication develops. Tlie scarlet 
fever streptococcus is unable to produce resistant forms and hence 
perishes. 

Experiment 5, in which we attempted to adsorb the substance 
with large numbers of dead or living streptococci, indicates that 


2 Jones, F. S., J. Exp, Med., 1928, 47, 965. 
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there is no specific union between bacterial cell and the substance, 
since the inhibitory character of the milk was not diminished by such 
treatment. It seems probable that the substance is one preventing 
multiplication of bacterial cells and is not notably toxic in itself. 

SUMMARY 

The data here presented indicate that the inhibitory principle 
affecting the growth of streptococci in milk is not greatly utilized 
during the lag phase and that the abrupt termination of lag is not due to 
the utilization of the principle. They further indicate that the 
sudden beginning of growth cannot be ascribed to a resistant type of 
streptococcus present in the culture from the first, but to an adaptation 
occurring during the lag phase. The addition of large numbers of 
dead or living streptococci to milk, for limited periods, fails to diminish 
appreciably the inhibitory principle. 




THE LESIONS IN THE SKELETAL IVIUSCLES IN EXPERI- 
MENTAL SCORBUTUS 

Bv GILBERT DALLDORF, MJ5. 

{From the Division of Laboratories, New York Hospital, and the Department of 
Pathology, Cor/tell University Medical College, New York) 

Plate 13 

(Received for publication, June 3, 1929) 

TMs report describes a lesion observed in the skeletal muscles of 
scorbutic guinea pigs and seeks to clarify its relationship to the scor- 
butic process as well as to demonstrate a factor modifying its distri- 
bution. 

The voluminous literature bearing on scorbutus contains relatively little 
reference to the skeletal muscles. With two exceptions those authors who have 
described muscle lesions have merely mentioned that thinning and waxj' degenera- 
tion of the fibers are occasionally to be found. Reports of degeneration of the 
muscles occur in the early studies of the disease in man by Hayem (1), Nambu and 
Sato (2), and recently in a study of experimental scurvy by Alej’er (3). 

The first report to emphasize the importance of the lesions in muscles was the 
monograph of Aschoff and Koch (4), containing observations of the disease in 
Balkan soldiers during the recent war. These authors studied the thigh muscles 
but were primarily interested in the hemorrhages, and chose hemorrhagic areas for 
study. They found changes similar to those previously reported by other workers. 
They believed the hemorrhages were largely responsible for the degenerative 
change and the thinning and atrophy the result of the cachexia in their cases. 

Subsequently Hojer (5) described lesions in the muscles in experimental scor- 
butus which he regarded as an intrinsic part of the disease. His observations 
conform with our own on several points. 

The material on which this report is based consists of seventy-one 
guinea pigs of whidi forty-eight were scorbutic. Manx* of the animals 
were studied in cooperation with Dr. Walter H. Eddy of Teachers 
College, Columbia University, who was conducting feeding e-vperi- 
ments, and these were partially protected with canned vegetable or 
fruit. Most of the animals were submitted to us for diagnosis, without 
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record of their weight curve, behavior or diet. In some cases only 
selected tissues were received, llie examination was chiefly of ribs 
and long bones, where characteristic changes occur in scurvy. 

Tlie diagnosis of scurvy is not difficult. Tire criteria employed 
were cessation of bone growtli, irregularities, spreading and fragmenta- 
tion of the cartilage columns and the development of the so-called 
“geriistmark,” a lax, delicate connective tissue which appears at the 
junction of bone and cartilage. Otlier elements in the histo-anatomical 
picture are hemorrhages and separation of bone and cartilage or 
pathological fracture of bone. Tlie lesions are not uniformly disposed 
and many samples are at times necessary to estimate properly the ex- 
tent of the disease or even its presence. The latter fact is especially 
true in animals wluch receive a diet only partially deficient in anti- 
scorbutic material. 

In our routine examination of the ribs we commonly found a lesion of 
the intercostal muscles. Its nature varied with the characteristics of 
the bone lesion. 

"When the disease is very marked and active in the bones one finds 
that a variable number of muscle cells have become opaque, strongly 
eosinophilic and fragmented. Tlie lines of recent fractures run 
directly across the fibers, paralleling the striations. Usually, how- 
ever, the striations have disappeared. The segments of the muscle 
cells may be rectangular, square or discoid. In the latter case a series 
of these discoid fragments resembles blood rouleaux. Some muscle 
cells have been seen in which there were regular, deep clefts on only 
one side of the cell. The degenerate portions lose their affinity for acid 
dyes and appear swollen. Some show creAuces and loculi within. 
These fibers are surrounded by large endothelial cells which engulf 
them and form foreign body giant cells. 

Two other kinds of cells may be distinguished. Roavs of spindle 
shaped fibroblasts with deh'cate fibroglia form between the muscle 
cells and large cells with clear acidophilic cytoplasm appear, singly 
and in clusters, near the point of fracture and even between the 
muscle fibers. These latter cells resemble young muscle cells and 
many are in process of mitotic division. A further study of these cells 
in under way to determine if possible tlieir exact nature. 

In chronic scorbutus, that is, where the lesion in the bone appears 
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inactive and the diseased costo-chondxal junction is largely fortified by 
a connective tissue scar, and the “geriistmark” has become passive, 
its cells no longer dividing actively, the muscles present a different 
picture. In such cases densely stained hyaline fragments, few in 
number, will be found lying in a lax, collagen-poor connective tissue. 
This stroma is identical with the “geriistmark” in its cellular structure 
with the single exception that in the latter case dead islands of calcified 
cartilage or other remnants of past osteoid function are embedded 
within it, while in the former, fragments of muscle fibers remain. 

It will be noted that in many features the lesion described resembles 
hyaUne or Zenker’s degeneration as seen in infectious and toxic diseases. 
Indeed the resemblance to that variety of degeneration as Forbus 
(6) has foimd it in guinea pigs is very close. Our anim als were 
carefully searched for evidence of infectious disease but in none of 
those appearing in this series was there reason to suspect infection. 

After some experience with this material it appeared that animals 
vdth scorbutic changes in the bones invariably presented lesions in the 
muscles. Indeed, in cases where the first preparations showed muscle 
involvement but no bone changes, further sampling regularly disclosed 
the presence of lesions in other bones. The intercostal muscles were 
invariably involved. A search for similar changes in the extensors 
of the thighs and forelegs and in the psoas muscle disclosed no compara- 
ble changes. Only an pccasional darkly stained muscle cell was seen. 
It is of interest to note that in a general way within the intercostal 
muscles the lesions tended to favor certain locations. They were most 
frequent near the junction of cartilage and bone, or when present 
throughout the muscle they were more pronounced in these regions. 

Several facts suggest that the muscle lesion is an intrinsic part of the 
scorbutic process. It occurs regularly in the scorbutic animals and 
never in the controls. It bears a definite and constant relationship to 
the scorbutic lesion in the bones, being active when bone changes are 
active, and inactive when the bone lesions are inactive. Moreover, 
we have not been able to find any other cause for the condition. 

The selectivity of the lesion for the thoracic wall seemed to call for 
an c.xplanation. It was suspected that possibly another factor other 
than the scur%y determined the locaUon of the lesion and that this 
factor might be the acti\ily of the thoracic muscles. The weakened 
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scorbutic guinea pig spares the muscles of tlie skeleton except those 
necessary to vital functions, as the respiratory muscles. If the 
conception just mentioned is correct the diaphragm and possibly 
the masseter muscles should show some degeneration as well as the 
intercostals. In most of our specimens these muscles had not been 
preserved but of eight cases in which material was available for exami- 
nation the masseter muscles were found to be degenerate in three in- 
stances and the diaphragmatic muscles in five. 

To further test this point of view several animals with advanced 
scorbutus W’ere placed in a large barrel wdiich could be rotated slowdy 
with a motor so that the animals w'ere required to exert themselves 
to stay on their feet. The animals w'ere given 1 hour of this exercise 
every day and w^ere then sacrificed. In each instance, florid, exten- 
sive lesions were found in tlie several muscles of the hind and fore 
legs and psoas muscles. In five non-scorbutic animals no muscle 
lesions w'ere found. In all, seven scorbutic guinea pigs have been so 
tested. The records of three are given below'. 

DISCUSSION 

The earliest clinical evidence of scurvy in a guinea pig is a change in 
attitude. At times this is represented by the elevation and sparing of 
one leg or by a tendency to squat quietly for long periods. Later in 
the disease the animals become nearly helpless and may lie on one side, 
apparently unable to move. In human cases an early sign of the 
disease (7) is loss of vigor with a tendency to tire quickly. Scorbutic 
infants exhibit marked tenderness in their thighs and commonly keep 
their extremities slightly flexed. These well knowm phenomena have 
been explained as the result of hemorrhages. The tenderness in the 
thighs of scorbutic infants has been said to be the result of subperiosteal 
hemorrhages. Observation of our guinea pigs suggests that muscle 
lesions may be largely responsible for both the tenderness and weak- 
ness. Moreover we have seen tenderness and the characteristic muscle 
degeneration develop in muscles which had been bruised. 

The selective development of the muscle degeneration at points of 
exercise and trauma is in accord wdth other features of scorbutus. A 
causal relationship exists in the case of the hemorrhages. As was 
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emphasized by Aschoff and Koch, hemorrhages occur in places exposed 
to trauma. Bleeding about vessels and nerves was noted by these 
authors only when the vessel or nerve was in an exposed location, 
never when it was protected by bone. 

A less marked relationship exists in the case of the bone lesions but 
here a causal connection between stress and lesion is suggested. In 
the thoracic wall, for example, lesions are most common in the more 
active and exposed ribs being relatively uncommon in the first two 
or three of these bones. I have noted that guinea pigs kept in separate 
cages, which remain quiet throughout the disease, show less marked 
lesions than animals which have been kept active by crowding or 
excitement. A special observation of the sort was made in the case of 
six animals sent to us while alive and which had been necessarily 
much shaken in transit. Some of the most striking muscle and bone 
lesions were present in this group. 

Wolbach and Howe (8) believe that the underlying change in the 
bones is a deficiency in the intercellular substances. Aschoff and Koch 
and others have supposed that the hemorrhages were the result of 
altered cement substances in the vessel walls which predispose to 
rupture or leakage. We have noted rupture in the striated muscle. 
Whether a related underlying cause is responsible is not apparent from 
our material. We have seen cells which had ruptured but which ap- 
peared othem'ise normal. If degeneration of the muscle fiber does not 
precede separation it follows it closely, for the usual fragmented cell 
is hyaline. 

CONCLUSIONS 

1. Muscle degeneration was constantly found in the intercostal 
muscles of scorbutic guinea pigs. 

2. It has likewise been found in the masseter and diaphragmatic 
muscles. 

3. E.xcrcisc will produce an identical lesion in other skeletal muscles 
in scorbutic animals. 

4. The lesions appear to be an intrinsic part of the scorbutic process. 

5. It is suggested that the tenderness over muscles in scorbutic 
animals and in man may be due to this myopathv. 
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Spccmcu nislorics of Exercised Aiiiinah 

Animal A. — Had been on basal diet plus 2 gm. canned tomato for 90 days. 
The weight at, the beginning of the experiment was 315 gm. The weight on the 
90th daj' was 422 gm. On the 91st and 92nd days the animal was exercised J hour, 
on the following 4 da}'s 1 hour each day. The following day the animal was sacri- 
ficed. There was much pale fat throughout. The joints w’cre easily dislocated, 
the bone crackled like egg shell, the teeth were loose. The costocliondral junc- 
tions showed broad zones of “gcriistmark.” A few, small, superficial hemorrhages 
were present in the muscles of the extremities. In the microscopic preparations all 
of the muscles of the extremities as well as the psoas and intercostal muscles 
showed extensive and severe degeneration. 

Animals B and C. — Were practical!}' identical. The)' were receiving 2 gm. 
canned peas daily and had gained weight. Both had the attitude of scorbutic 
animals and had joint tenderness. Each Avas exercised on 3 successive days for 1 
hour per day. In both there was widespread muscle degeneration and abundant 
evidence of scorbutus in the bony system, 
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EXPLANATION OF PLATE 13 

Fig. 1. Degeneration in an intercostal muscle with active proliferation of young 
muscle cells (?). Two of these cells are in process of mitotic division. Many 
fibroblasts and endothelial cells are likewise present. 

Fig. 2. A late stage in muscle degeneration in scorbutus. A few muscle fiber 
fragments lie in a collagen poor connective tissue stroma. 
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THE GERMICIDAL ACTION OF HYDROXY SOAPS 

By ARNOLD H, EGGERTH, Ph.D.* 

{From the Department of Bacteriology, H oagland Laboratory, Broohlyii) 
(Received for publication, June 8, 1929) 

This paper is the fourth of a series of papers dealing with the germi- 
cidal action of soaps and soap derivatives. In the present investiga- 
tion, the a-hydroxy soaps, and the soap of ricinoleic acid, were pre- 
pared and tested. 

Preparation of Hydroxy Fatty Acids 

The a-hydrosj’ fatty acids are prepared by beating the a-brom fatty acids with 
an excess of dilute aqueous sodium hydroxide. This is best done by heating in 
the Arnold steam sterilizer for several hours. The bromine is split oft by the 
alkali, forming sodium bromide and the hydroxy soap. A small amount of the 
alpha unsaturated soap is likewise formed. The hydro.xy acid is h'berated 
with dilute sulphuric add, filtered, washed with water, and dried. One has a 
choice of several satisfactory methods of purification: the most convenient is to 
dissolve the product in a small quantity of ether and then add a large excess of 
petroleum ether, which predpitates the hydrox>’ adds. This process is repeated 
until a constant melting point is obtained. Further details for the preparation 
and purification of the various hydroxj' adds are given by the following authors: 
a-hydroxybehcnic add, by Fileti (1907); a-bydro.x}*stearic, -palmitic, and -myristic 
adds, by Lc Sueur (1905); c-hydroxylauric add, by Guerin (1903); a-hydrox}'- 
capric add, by Bagard (1907); and a-hydroxjxaprilic add, by Ley (IS77). The 
hydroxy add with 20 carbon atoms was not prepared. (In the preceding investiga- 
tion (Eggerth, 1929), the a-bromoarachidic add was prepared and tested, on the 
assumption that it was a normal add having 20 carbon atoms. The writer at that 
time was not acquainted with the work of Ehrenstein and Stuewer (1922) who 
have shown that arachidic add is actually iso-bchcnic, with 22 carbon atoms. It 
is interesting to note that the a-bromoarachidic soap actually gave germicidal 
titers that were in every case practically the same as those of the a-bromobc- 
henate.) 

The a-hydro.tj' fatty adds have higher melting points and arc stronger adds 
than the parent unsubstituted adds. Their soaps arc somewhat less hydrolysed 
by water. Nevertheless, those soaps hadng 14 or more carbon atoms are strongly 
alkaline to phcnolphthalein. The sodium soaps arc very* little soluble in water; 
the potassium soaps are much more so. 


• Xan Cott Fellow, Department of Pathology, Hoagland Laboratoo'. 
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Ricinolcic add is a normal faltj'' add having 18 carbon atoms, with a double 
bond between the 9th and 10th carbon atoms, and a hj'droxyl group attached to 
the 12th carbon atom. It is a hydroxjdatcd oleic acid. It seemed desirable to 
study it here, inasmuch as it is the only member of its series that is known and 
available. It was prepared from castor oil by s.aponification; the liberated crude 
acid was thoroughly extracted with petroleum ether, converted to the barium salt, 
recrj'^stallized several times from alcohol, and liberated with sulphuric acid. 

Parallel tests were made with soaps of saturated unsubstituted fatty 
acids and oleic acid. The former were purchased from the Eastman 
Kodak Co.; the latter was Kalilbaum’s best grade of oleic acid. 

Technic of Germicidal Tests 

The potassium soaps wore made by adding the theoretical amount of KOH 
solution to weighed quantities of the fatt 3 '^ acids. Serial dilutions were made in 
sterile distilled water just prior to making the germicidal tests. 

Buffer solutions set at pH 6.5, 7.5, and 8.5 were prepared. These contained 
n/10 potassium phosphate and n/20 glycine; details of their composition are given 
in a previous paper (Eggcrth, 1926). When the test organism y;as Diplococcus 
pnciimonix, the buffer solution was made to contain N/20 phosphate. The 
sterilized buffer fluids were inoculated with the test organisms, and 0.5 cc. quan- 
tities were pipetted into series of small test tubes; to these, 0.5 cc. quantities of the 
soap dilutions were added and the contents of the tubes well mixed. Thus the 
final concentration of potassium phosphate was n/20, except in tlie case of 
Diplococciis pncuinoiiix, where the final concentration was n/40. {Diplococcits 
pnemnonix frequently failed to survive for 18 hours in the n/20 potassium phos- 
phate controls, whereas it always survived in the n/40 phosphate.) The tests were 
incubated at 37°C. and one loopful subcultured on glucose blood agar plates at 
the end of 30 minutes, 2 hours, and 18 hours. 

The following test organisms were used: Diplococciis pneumonix; Streptococcus 
hxinolyticus; B. diphthcrix; Staphylococcus aureus; Micrococcus ovalis; B, 
typhosus; Vibrio cholcrx; B. Icpiscpticus; B, mclitcnsis; B. pyocyanens. With 
the exception of the last, these organisms are the same strains as those used in 
previous investigations with soaps (Eggerth, 1926, 1927, 1929). 

The inoculations in the germicidal tests were such that each cubic centimeter 
of final test fluid contained 0.02 cc. of a 24 hour broth culture, with the e.xception 
of Staphylococcus aureus, B. typhosus, and B . pyocyancu's, where the inoculum was 
O'.Ol cc. 


DISCUSSION 

As with other soaps previously reported, the germicidal titers of 
the a-hydroxy soaps increase with increasing molecular weight to a 
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TABLE I 


The Germicidal Titers of a- Hydroxy-Soaps 


1 

a-hy- 

droxy- 

capry- 

late 

a-by* 

droxy- 

caprate 

a-hydroxy- 

laurate 

<»-by^oxy* 

jnyristate 

a-hydroxj'- 

palmitate 

' a-hydroxy- 
' stearate 

^ a-hydroiy- 
1 behenate 

No. of carbon 
atoms 

8 

10 ' 

12 * 

14 

16 

18 

22 


Diplococcus pneumonix 


Time 

pH 








2 hrs. 

6.5 

0 

n/160 

n/2560 


n/163,840 

n/163,S40 



7.5 

0 

n/40 




n/5120 

O 


8 5 

0 

n/40 


n/2560 


n/2560 


18 hrs. 

6.5 

n/20 

n/640 


n/81,920 


n/327,680 



7.5 

n/20 

n/80 

n/1280 


n/40, 960 


n/20, 480 


8.5 

1!/20 

n/80 

n/1280 

1 n/2560 

n/40,960 




Sfrepiococcits Itxmelyiictts 


2 hrs. 

6.5 

■■ 

n/20 

n/320 

0 

0 

0 



7.5 

mm 

n/20 

n/160 

n/320 

n/160 

n/80 

0 


8.5 

■1 

O 

n/160 

n/640 

n/160 

n/160 


18 hrs. 

0.5 


n/320 

n/640 


n/5120 

n/640 



7.5 

Bl 

n/40 

n/640 

n/1280 

n/1280 

N/640 

n/640 


8.5 

■1 

n/40 

n/640 

N-/1280 

n/1280 

n/640 



Staphylococcus aureus 


2 hrs. 

6.5 

O 


N/2500 

N/10, 240 

n520 

n/640 



7.5 

0 

N/10 

N/lOO 

/n/EO 

\n/20,480 


n/80 

O 


8.5 

0 


n/40 


n/160 

n/SO 


18 his. 

6.5 

0 

n/40 

n/5120 

n/40, 960 

n/20, 480 




7.5 

0 

n/20 

n/610 

fN/160 

\n/20,4S0 

(n/IOO 

\n/10,240 

N/12E0 

0 


8.5 

0 


n/160 

n/640 

N/12S0 

n/640 



B. diphikerix 


2 hrs. 

6.5 

O 

.v/lOO 

n/2560 


n/20,4SO 

n/320 



7.5 

O 

n/20 

n/160 

n/SO 

n/80 

n/SO 

O 


8 5 

o 

n/20 

N/IOO 

n/320 

n/640 

n/320 


18 hrs. 

6 5 

0 

n/610 

n/10, 240 

N/Sl ,920 

.v,'Sl ,920 

n/40,960 



7 5 

0 

n/80 

N/12S0 




0 


8 5 

0 


n/320 

n/2500 

n/5120 

n/1280 
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TABLE I — Conlhiucd 



«-hy- 

droxy- 

caprj- 

late 

n-by- 

droxj'- 

capratc 

n-Iiydroxj'- | 
laurate i 

i 

n-!iydro.tj'- j 
myrisl.itc j 

! 

or-Jiydrox}-- 

palmilatc 

or-hydfoiy- 

stc.aratc 

or-hydrorj'- 

bcncnalc 

No. of carbon 
atoms 

fi 

1 ‘0 


14 1 

16 

18 

i 

22 


Micrococcus oralis 


Time 
^ . . 

pH 








2 hrs. 

6.5 

0 

0 


0 

0 

0 



7.5 

0 

0 

n/SO 


0 

0 

0 


8.5 

0 

0 



n/320 

0 


18 hrs. 

6.5 

0 


HR 

^7l280 

N/12S0 

0 



7.5 

0 




Ny320 

0 

0 


8.5 

0 

Bl 

hBI 


N/12S0 

0 



Vibro cholera: 


2 hrs. 

6.5 

0 



n/5120 

n/320 




7.5 


n/'40 

n/320 

n/1280 

n/640 


o 


8.5 


n/40 


n/1280 

n/640 



18 hrs. 

6.5 

n/20 

n/640 

n/5120 


n/640 


o 


7.5 


n/40 


n/2560 

n/640 


o 


8.5 


n/40 

n/640 


n/640 




B. IcpiscpticMs 


2 hrs. 

6.5 

o 

n/320 

n/5120 

n/20, 480 

u/5120 

n/320 



7.5 


n/80 

n/320 

N/12S0 


s/640 

s/160 


8.5 


n/80 

n/160 

n/1280 


n/640 


18 hrs. 

6.5 

n/40 

n/640 

n/10,240 

n/81,920 

s/10,240 

n/2560 



7.5 


n/320 

n/1280 



n/1280 

s/640 


8.5 


n/160 

n/640 

EHiB 

n/5120 

N/2S60 



B. inclUensis 


2 hrs. 

6.5 

0 

s/80 

n/320 


IBi 

0 



7.5 

0 

n/40 

n/160 

n/1280 


0 

0 


8.5 

0 

n/40 

n/160 



0 


18 hrs. 

6.5 

n/20 

s/160 

s/2560 

WrSw w 


0 



».s 

n/10 


s/640 



0 

0 


8.5 

n/10 

n/80 

n/320 

n/1280 

HZh 

0 
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TABLE 1—Conduded 



a-by- 

droxy- 

capry- 

late 

a-hy- 

droxy- 

caprate 

a-hydroxy- 

laurate 

a-hydroxy- 

myristate 

a-hydroxy- 

paimitate 

oT-hydroxy- 

stearate 

a-hydfoiy- 

behenate 

No. of carbon 
atoms 

E 

10 

12 

14 

16 

18 

22 

B, pyocyanetis 

Time 

pH 








2 hrs. 

6.5 

0 

0 

0 

0 

0 

o 



7.5 

0 

0 

n/80 

n/160 

n/80 

o 

0 


8.5 

0 

0 

n/80 

n/640 

n/1280 

o 


18 hrs. 

6.5 

0 

0 

0 

0 

0 

o 



7.5 

0 

0 

n/80 

n/160 

n/80 

0 

0 


8.5 

0 

0 

n/80 

N/2S60 

n/1280 

0 



B. iyphosus 



6.5 

0 

n/40 

n/160 

O 

1 0 

m 



7.5 

0 

N/10 

n/160 

n/640 

n/80 

■■ 

0 


8.5 

1 ° 

n/40 

n/160 

n/1280 

n/320 




6.5 

0 

n/40 

n/320 

0 

0 

HsH 



7.5 


n/40 

n/160 

n/640 

n/160 


0 


8.5 

1 0 

n/40 

n/320 

n/2560 

n/1280 




The lowest dilutions tested were N/10 for the hydroj:ycapr>'late and hydroxy- 
caprate, n/40 for the hydroxylaurate, and n/80 for the others. Temperature, 

zrc. 


given maximum, and then diminish. (Table I and Figs. 1 and 2.) 
With all organisms, this maximum occurs either with the a-hydroxy- 
myristate or the -palmitate; there is no sharp differentiation between 
Gram positive and Gram negative bacteria as was the case with the 
tt-brom soaps (Eggerth, 1929). 

The germicidal action of the a-hydroxy soaps varies a great deal 
with the different test organisms (see Table I). The of-hj'drox 3 ’caprj'’- 
late does not kill any organism in a concentration of n/10 in 2 hours; 
in 18 hours, slight germicidal action is manifested towards Diplococ- 
cus pucumouix, B. viclitcusis, and B. Icpiscpiicus. The a-hydro-xj'- 
caprate is more active, especially toward Diplococctis pitCutKouix^ 
B. Vtclilciisss, B. Icpiscpiicus, Vibrio choicrx, and B. iyphosus i tliere 
is no action upon B. pyocyar.cus, and very' little upon Slaphyhccus 
aureus and Micrococcus ovalis. The a-hydro.xy'laurate acts more 
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GER^aCIDAL ACTION OE HYDROXY SOAPS 


uniformly toward the ten test organisms than the other soaps of this 
series; the highest titers at pH 7.5 for 2 hours being n/320 and the 
lowest, n/80. Germicidal titers increase with the a-hydroxy-myxis- 
tate, though very unequally. As we pass to the a-hydroxypalmitate, 
we find that the titers are increased Avith Diplococais pnciimonix 
and B. Icpisepticus, but diminished with Streptococcus hxmolytics, 
Vibrio cholerx, B. mcliiensis; B. pyocyancus, and B. typhosus. The 
a-hydroxystearate is still highly germicidal iox Diplococcus pneumonix, 
B. diphtherix, and B. Icpisepticus; its titer for the other organisms is 



C<irbon atoms iti chain Carbon atoms in chain 


Fig. 1. The germicidal titers of a-hy- 
droxy soaps (4) and of unsubstituted 
saturated soaps {B) for Diptococcus pneu- 
vionix, at pH 7.5. The soaps are desig- 
nated by the number of carbon atoms in 
their molecule. Time of test, 2 hours; 
temperature, 37°C. 


Fig. 2. The germicidal titers of a- 
hydroxy soaps (/I) and of unsubsti- 
tuted saturated soaps (5) for Vibrio 
cholerx, at pH 7.5. The soaps are 
designated by the number of carbon 
atoms in their molecule. Time of test, 
2 hours; temperature, 37°C. 


very much diminished. Curiously enough, the only germ to be killed 
by the a-hydroxybehenate in 2 hours was B. lepisepiicus; in IS hours, 
this soap was toxic for three species: Diplococcus p7ieumonix, Strepto- 
coccus hxmolyticus, and B. lepisepticus. 

The specific effect of the hydroxyl group upon the germicidal titer 
may be seen on comparing Table I with Table II, and in Figs. 1 and 2. 
In many cases, though by no means all, the germicidal titers of an 
a-hydroxy soap are very nearly the same as that of an unsubstituted 
soap having two less carbon atoms. This is particularly true of the 
titers for Vibrio cholerx, B. melitensis, B. lepisepticus, and Strepto- 
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TABLE n 

The Germicidal Tilers of Ujisubstilided Soaps, at pH 7J 



Caproate 

r 

Caprylatc 

Capratc 

Laura te 

Myristatc 

Palmitate 

Stearate 

Ko. of car- 
bon atoms 1 

a ! 

1 

S 

i 

10 j 

12 

mn 

16 

18 


Diplocoaus pneumoniae 



0 

mm 

m 

k/640 

N/2S60 


n/80 

IH 

N/IO 


m 




k/160 


Streptococcus hsemolyliciis 


2 hrs. 

0 

1 N/10 

1 n/40 

i;/320 

n/640 

1 n/160 

0 

18 “ 

0 

I n/20 

I n/80 

n/640 

k/1280 

[ s/640 

0 


Staphylococcus aureus 


2 hrs. 

1 ° ^ 

0 * 

n/40 

m 

n/160 

1 ® * 

1 0 

18 " 

1 ^ 

0 

n/40 


n/640 

1 ° 

0 


B. diphtherise 


2 his. 

o 1 

0 

n/40 

n/640 

n/320 I 

n/SO 

0 

18 “ 

1 ® 

n/10 

N/lOO 

N/I280 

n/5120 

n/80 

N/SO 


Micrococcus osalis 


2 hrs. 

0 1 

0 1 

N/20 

.n/80 

n/40 j 

0 

0 

18 “ 

0 1 

0 1 

n/80 

n/320 

n/40 

O 

0 


Vibrio cholerx 


0 

mm 

— 1 

n/610 

n/160 

O 

0 

n/20 

■SI 


n/640 

N/3Z0 

0 

O 


B. Icpisepticus 


2 hrs. I 

O 

N/10 

n/160 I 

N/12SO 1 n/2560 I 

n/160 

O 

18 “ 1 

O 

n/40 

n/640 

n/10,240| n/10, 240 

n/320 

o 


B. meliler.sis 


2 hrs. 

0 

N/10 

N/IOO 

fBt 


0 

0 

18 “ 

O 

n/20 

n/160 


B 

0 

0 
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TABLE n — Concluded 



Caproate 



Laurate 

Myristate 

Palmitate 

stearate 

No. of car- 
bon atoms 

6 

8 

10 

12 

14 

16 

18 

- B. pyocyancus 


1 

0 

I 

i 0 

1 

0 

wsm 

— 

0 

0 

18 " 

1 0 

0 

1 0 



0 

0 

B. typhosus 


0 

n/10 

n/40 

n/160 

0 

0 

0 

18 “ 

0 

n/10 

n/SO 

n/160 

0 

0 

0 


The lowest dilutions tested were n/10 for the caproate, caprylate, and caprate, 
n/20 for the laurate, n/40 for the myristate and n/80 for the palmitate and 
stearate. Temperature, 37°C. 


coeem hxmolyiicus. If the germicidal titers are plotted against the 
number of carbon atoms in the soap molecule, as in Figs. 1 and 2, it 
will be seen that the effect of hydroxylation is to shift the curve to 
the right. 

In addition to this general effect, specific effects varying a great deal 
with the test organisms may be observed. This is best brought out 
by computing the ratios between the liters of an unsubstituted soap, 
such as potassium myristate, and the corresponding a-hydroxymyxis- 
tate. This is done in Table III, which is condensed from Tables I 
and II. For comparison, the titers for potassium a-bromomyristate 
from a previous paper (Eggerth, 1929) are included. The last column 
in Table III shows that the effect of introducing a hydroxyl group 
(or bromine atom) is not uniform, but varies widely with the species 
of organism. Table III shows that the hydroxylation of myristic 
acid greatly increases the germicidal action for B. typhosus, B. pyo- 
cyaneus, B. melitensis, Vibrio choleras, and Staphylococcus aureus 
(second value) ; it diminishes the 2 hour titer for B. diphtherias (but, 
as shown in Table I, it greatly increases the 18 hour titer) ; the titers 
for the other organisms are practically unchanged. It is to be noticed 
that the effects of hydroxylation are often quite different from those 
of bromination (Table III). 
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With the unsubstituted soaps, the 18 hour titer is in most cases 
double that of the 2 hour titer (Table II) ; "with the hydroxy soaps, the 
18 hour titer is often much greater than that for 2 hours. The most 
striking example of this is B. diphtJierise with the a-hydroxymyristate, 
-palmitate, and -stearate, where, at pH 7.5 the 18 hour titer is 256 
times as great as the 2 hour titer (Table I). 

With one organism. Staphylococcus aureus, a very peculiar result 
was quite consistently obtained. With the Q:-hydroxym 3 Tistate and 
-pahnitate, this germ gave two distinct zones of germicidal action at 


TABLE m 


The Germicidal Titers of Potassium Myristale, Potassium a-HydroxymyristaJe, 
and Potassium a-Bromomyrisiate 


Test organism 


Diplococctis pneumonire. . 
Streptococcus hzmolyticus 

Staphylococcus aureus. . . 

B. diphtherial 

Micrococcus ocalis 

Vibrio chotcrie 

B. melilensis 

B. lepiseplicus 

B. pyocyaneus 

B. iyphos:ts 


Myristate 

a-hydrory- 

myristatc 

ct-bromo- 

mjTostate 

Ratio 

n/2560 

N/2S60 

n/40, 960 

1:1:16 

n/640 

n/320 

n/10,240 

2:1:32 

n/160 

fN/80 

\n/20,480 

n/5120 

/2:1:64 

11:128:32 

n/320 

n/80 

n/5120 

4:1:64 

n/40 

n/80 

n/2560 

1:2:64 

n/160 

n/1280 

n/1280 

1:8:8 

n/320 

n/1280 

N/2S60 

1:4:8 

n/2560 


n/5120 

2:1:4 

n/40 

n/160 

n/20 

2:8:1 

O 

n/640 

n/20 

0:16:1 


All tests were made at pH 7.5; temperature, 37°C. 


pH 7.5 (Table I). Thus, with the hydroxymyristate, concentrations 
of n/40 and n/80 were germicidal in 2 hours; concentrations of n/160 
to n/2560 gave grot\'th on subculture (though often with a much dimin- 
ished number of colonies); concentrations of n/5120, k/10,240, and 
n/20,480 were again usually germicidal, though occasionally one to 
five colonies appeared on the subculture. (A loopful of the control, 
when diluted and plated out, was shou-n to give at least 15,000 colo- 
nies). Higher dilutions showed no germicidal action. \Mien the time 
of test was increased to 18 hours, the results were usually still the same, 
though occasionally all concentrations up to n/20,4S0 were found to 
be germicidal. These two zones appeared likewise wth the a- 
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hydroxypalmitate, but not with any other soap. Tliey appeared 
only at pH 7.5. With B. diphthcrix, a similar phenomenon was 
occasionally observed with the same soaps, but it appeared so irregu- 
larly that it was not indicated in Table I. 

Tlie above phenomenon appeared so extraordinar}’- that a number of 
experiments were undertaken to verify and explain it. These may be 
summarized as follows : 

1. Two other strains of Staphylococcus aureus, recently isolated from pus, showed 
the same phenomenon. 

2. Colonies from Staphylococci that survived an a-hydroxj'mjTistate concentra- 
tion of n/320 for 18 hours were fished and tested. They gave practically tlie same 
titers as the original stock culture. The resisting forms arc, therefore, not 
niutants. 

3. Mixed inoculations of Staphylococcus aureus and Streptococcus hxmolyticus 
were tested with a:-hydroxj’'myristate at pH 7.5. Concentrations of n/160 and 
n/320 gave, on subculture, pure cultures of Staphylococcus aureus; concentrations 
of n/5120, n/10,240, and n/20,480 gave pure cultures of Streptococcus hxviolyticus. 
Mixed inoculations of Staphylococcus autetis with Diplococcus pucumonix, Vibrio 
cholcrx, B. Icpiscpticus, B. mclitciisis, and B. typhosus gave similar results. 

4. Staphylococci were grown on agar and emulsified in sterile buffer in such 
quantity that the fluid was faintly turbid. Dilutions of a-hydro.xymyristate 
were added as usual. With this large inoculum, organisms could be found with 
ease in stained films. Subcultures of all dilutions were still positive after 24 hours. 
After 48 hours, subcultures from soap dilutions of n/160 to n/5120 were negative; 
films made at the same time showed large numbers of well staining, unagglutinated 
Staphylococci. This experiment rules out agglutination of the organisms by 
higher dilutions of the soap as a possible cause of the phenomenon. 

5. Bacteriostatic tests were made in fluid media. These tests were complicated 
by the fact that both peptone and meat infusion markedlj’’ inhibit the germicidal 
and growth inhibiting action of the a-hj’'dro.xy soaps. In this respect, these soaps 
differ decidedly from the unsubstituted soaps and sodium oleate (Eggertli, 1927), 
upon which peptone has no inliibiting action. However, it was found that 
Staphylococcus aureus grows well in a medium having the following composition: 
n/40 potassium phosphate at pH 7.5; 0.03% Parke Davis peptone, and 0.3% 
glucose. This small amount of peptone is onlj' slightl}’^ inhibitorj’- to these soaps. 
After 3 days at 37°C. stained films were made from the sediment of each tube, and 
phenol red was added to determine acid production; these two tests for growtli 
always confirmed one another. The bacteriostatic concentrations of these soaps 
for Staphylococcus aureus were found to be: n/640 for a-hydroxjdaurate; n/10,240 
for a-hydroxjTnyristate and -palmitate; n/2560 for a-hydro.xj'stearate. Two 
other recently isolated Staphylococci gave the same results. 
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6. Instead of subculturing one loopful in the usual way, quantities of 0.1, 0.01, 
and 0.001 cc. of test fluids were plated out and colony counts made. The results 
are given in Table IV. This experiment shows that concentrations of the a- 
hydroxymyristate of n/20,480 or more, rapidly kill off the great majority of the 
Staphylococci present. There are, however, a few survivors in concentrations less 
than n/80, and the survivors are more numerous in the zone from n/160 to n/1280 
than in zone from n/2560 to n/20,480. 

It is Temaikable that some organisms in a culture can tolerate a 
concentration of germicide that is 128 times as great as that which 

TABLE rv 


Colony Counts of Staphylococcus aureus Treated with Potassium a-Hydroxymyristate 


Conttnliation ol soap 

Number of colonies per cubic centimeter 

After 2 hrs. 

After 18 hrs. 

n/80 

0 

0 

n/160 

5000 

0 

n/320 

12,000 

650 

n/640 

30,000 

3500 

n/1280 

80,000 

5000 

n/2560 

50 

10 

n/5120 

80 

0 

n/10,240 

30 

0 

n/20,4S0 

200 

250 

n/40,960 

1 Innumerable 

Innumerable 

K/81,920 

tc 

it 

Control 

u 

if 


This test was made at pH 7.5; temperature, 37°C. 


is lethal to the great bulk of the bacteria in the culture. WTien the 
number of survivors is reduced to 100 or less per cubic centimeter a 
loopful, when cultured, is likely not to give any growth at all, thus 
giving the second germicidal zone. 

The experiment shown in Table W was repeated several times; the 
actual colony counts varied a great deal in different e.xperimcnts, 
showing that the number of soap resistant organisms in a culture var- 
ied greatly. The comparative results, however, remained essentially 
the same. Attempts were made to determine what factors influenced 
the proportion of resistant organisms in a culture, but without sue- 
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TABLE V 


The Germicidal Titers of Olcatcs and Ricinolcatcs 


pH 

Olcatc j 

Ricinolctttc 

2 hrs. 

18 hrs. 

2 hrs. 

18 hrs. 


Diplococcns pnettmonix 


6.5 

n/327,680 

n/327,6S0 


n/81,920 

7.5 

n/40,960 

n/327,680 


n/20,480 

8.5 

n/20,480 

n/163,840 

n/2560 

n/20,480 

Streptococcus hxmolyticus 

6.5 

n/163,840 

n/327,680 

— 

n/20,480 

7.5 

n/20,480 

n/40,960 


n/10,240 

8.5 

n/10,240 

n/40,960 

■BH 

n/5120 

B. diphtherix 

6.5 

n/81,920 

n/163,840 


n/20,480 

7.5 

n/20,480 

n/40,960 



8.5 

n/10,240 

n/20,480 




Staphylococctis aureus 


6.5 

0 

0 

n/2560 

n/5120 

7.5 

0 

0 

n/640 


8.5 

n/40 

n/80 

n/640 

n/1280 


Micrococcus ovalis 


6.5 

O 

0 

O 

0 

7.5 

0 

n/40 

n/160 


8.5 

n/40 

n/160 

1 

n/SO 

n/80 


Vibrio cholerx 


6.5 

0 

0 

n/80 

n/320 

7.5 

0 

n/80 

n/320 


8.5 

0 

n/640 

n/160 

I n/320 


B. lepiscplicus 


6.5 

0 

0 

n/5120 

n/20,4S0 

7.5 

n/40 

n/80 


n/10,240 

8.5 

n/640 

n/2560 

n/1280. 

n/5120 
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TABLE V — Concluded 


pH 

Oleate 

Ridnoleate 

2 hrs. 

18 hrs. 

2 hrs. 

18 hrs. 


B. mditensis 


6.5 

0 

0 

n/2560 

n/5120 

7.5 

0 

0 

n/1280 


8.5 

n/80 

n/160 

n/640 

n/640 


B. pyocyaneus 


6.5 

0 

0 

0 

0 

7.5 

0 

0 ■ 

0 

0 

8.5 

0 

0 

0 

0 


B. typhosus 


6.5 

0 

0 

0 

0 

7.5 ■ 

0 

0 

0 

n/40 

8.5 

0 

0 

0 

n/80 


The lowest concentrations tested were n/ 40. Temperature, 37®C. 


cess; such factors as the age or previous history of the culture, or even 
the composition of the culture medium, seemed to be without influence. 

The effect of the pH upon the germicidal action of the a-hydroxy 
soaps is, in general, the same as upon other soaps (Eggerth, 1926, 
1929). Two main types of pH effect may be observed. First, what 
might be called the “normal pH effect” is illustrated by all of tliese 
soaps with Diplococcits pnctmonis; the titer is highest in acid reactions, 
and diminishes with increasing alkalinity. Second, with might be 
called the “reversed pH effect,” as in the case of B. typhosus vith the 
a-hydrox}m 5 Tnstate; germicidal action is lacking at pH 6.5, but ap- 
pears and increases with increasing alkalinit 3 ^ In some cases a com- 
bination of the two effects is e\'ident. The “reversed pH effect” is 
to be ascribed to the fact that the soaps are too insoluble at the acid 
pH to get a germicidal concentration into solution. In certain cases, 
the pH effect is of the “reversed” tj-pe for the 2 hour period, and of 
the “normal” tjTDe for the IS hours period, as for Streptococcus hxmo- 
lyticus \vith a-hydroxjmjnistate and -palmitate (Table I). In the 
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latter cases it is obvious that enough soap went into solution at pH 
6.5 to kill in 18 hours, but not enough to kill in 2 hours. 

The effect of introducing a hydroxyl radical into an unsaturated 
soap is shown in Table V. One is struck by the fact that where the 
oleate titers are liigh, those for the ricinoleate are much lower; where 
the oleate titers are low, the corresponding ones for the ricinoleate are 
higher (except for B. pyocyaneus). The hydroxyl group in this 
unsaturated soap, therefore diminishes selective germicidal action; 
whereas the hydroxyl group in saturated soaps rather increases 
selective germicidal action. 

It will be noticed that the titers of the oleate for Streptococcus 
hxmolyticus and B. diphtheria are somewhat higher than those re- 
ported for the same two organisms several years ago (Eggerth, 1926 
and 1927). This seems to be due to an actual increased susceptibil- 
ity of these two cultures, as several samples of Kahlbaum’s oleic acid 
and sodium oleate were tried, and all gave the same liigh titers. 

The Selective Germicidal Action of Soaps 

It has been known for some time that the unsaturated soaps, such 
as the oleates, -will destroy certain organisms such as Diplococcus pneu- 
monia and Streptococcus in high dilutions, and yet have very little 
toxicity for other species, as Staphylococcus (Avery, 1918). Walker 
(1924) has more recently shown that the saturated soaps, especially 
the laurate, likewise show considerable selective germicidal action. 
The writer has tested ten organisms against three complete series of 
soaps, and has been repeatedly impressed by the fact that all of these 
soaps show selective germicidal action, though no two of them in 
exactly the same way. That being the case, it should be possible, by 
selecting the right soap, to kill at will any one of a mixture of organ- 
isms. This was actually done in a number of instances. Thus, in a 
mixture of Streptococcus hsemolyticus, Staphylococcus aureus, B. diph- 
therix, and B. typhosus, the soap potassium a-bromostearate in con- 
centrations of n/40,960 and n/81,920 killed only the Streptococcus in 
2 hours at pH 7.5 ; the a-hydroxymyristate in concentrations of n/5120, 
n/10,240, and n/20,480 killed only the Staphylococcus at pH 7.5; 
the a-hydroxystearate in concentrations of n/2560 to n/40,960 
killed only B. diphtherix in 18 hours at pH 7.5; while the a-hydroxy- 
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myristate atpH 8.5 killed only 5. typhosus in a concentration of n/1280. 
Other combinations of four organisms could not be arranged so suc- 
cessfully, but numerous two-organism combinations were tested wdth 
the desired results. Thus n/5120 and n/10,240 potassium laurate 
kills B. lepisepticus at pH 7.5 in 18 hours, but not Diplococcus pneu- 
monia; whereas potassium oleate kills the latter in high dilutions, but 
not the former. In a mixture of Streptococcus and Vibrio cholerse, 
oleate or a-bromostearate destroys the Streptococcus; a-hydroxymyris- 
tate, the Vibrio. In a mixture of Micrococcus ovalis and B. pyocy- 
aneus, a-bromostearate kills the former; a-hydroxym 5 rristate at pH 
8.5, the latter. Other similar combinations are possible. 

As soon as data on other soaps and other organisms is obtained, it 
is likely that even more striking examples of selective germicidal ac- 
tion will be encoimtered. The possibihties are interesting. 

SUMMARY AND CONCLUSIONS 

1. The a-hydroxy soaps e.xhibit a high germicidal action toward 
certain organisms. As with other soaps, the germicidal action in- 
creases with molecular weight to a maximum, then diminishes. The 
pH effects the germicidal action as it does other soaps. 

2. Certain a-hydroxy soaps give two distinct germicidal zones with 
Staphylococcus aureus. 

3. The effect of the hydroxyl group in saturated soaps is to increase 
selective germicidal action; the effect of the hydro.xjd group in an 
unsaturated soap is to diminish it. 

4. The soaps offer a means of separating mixtures of organisms by 
selective germicidal action. 
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PROPERTIES OF THE CAUSATIVE AGENT OF A CHICKEN 

TUMOR 

I. The SPEcmc Fixation by Tissues of Susceptible Animals* 

By F. DURAN-REYNALS, M.D., and JAAIES B. MURPHY, M.D. 

{From the Laboratories of The Rockefdler Institute for Medical Research) 
(Received for publication, May 15, 1929) 

The discovery that a group of raalignant tumors of the fowl could 
be transmitted by a cell-free extract or a desiccate of the tumor has 
lead to a great diversity of opinion, not only as to the classification 
of the tumor group, but also as to the nature of the agents possessing 
the tumor producing property. By many these neoplasms are classed 
among the virus diseases. However there are certain biological prop- 
erties of these tumors and some experimental data which are difficult 
to reconcile with the theory that the agents are similar to those causing 
the virus type of infectious disease process. 

Various attempts have been made to devise means of distinguishing 
between the filter-passing virus group, presumably living organisms, 
and the active substances, products of living cells, the enzyme-like 
group of agents. But as far as the chicken tumors are concerned, it 
cannot be considered that any of the earlier studies offered very definite 
information as to the character of the causative agents. 

Certain biological agents such as bacteriophage, enzymes, toxins 
and antibodies, all more or less selective in the cells or substances 
acted upon, are first adsorbed or fixed, and sometimes apparently inac- 
tivated by the specific substratum, while non-specific cells or sub- 
stances are without effect on the agents. For example, tetanus to.rin, 
which has a selective action on the nervous S 3 "stem, is neutralized in 
vitro by nervous tissue from susceptible animals, while kidney, spleen 
and other organs from the same animals have little or no effect (1). 
Furthermore, the brain tissue of animals non-susccptible to tetanus 
toxin has practically no neutralizingeffectj;:t'j7ra on the poison (2) (3). 

• This investigation was carried out by means of funds from the Rutherford 
Donation. 
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There are some indications that the chicken tumor agent may be 
bound by tissues under certain conditions. Pentimalli (4) observed 
that the activity of a chicken tumor filtrate was reduced by contact 
with chick embryo pulp, and also b)^ the repair tissue from a healing 
wound in cliickens, but in a lesser degree. Leucocytes had no activity 
in this respect. Deelman reports a similar observation (5). 

The present work has to do with a systematic study of the action 
of tissues of susceptible fowls on the chicken tumor agent as compared 
with tissues of non-susceptible animals. A preliminary note on the 
subject has already been published (6). 

Expcrimciial Method 

The tumor filtrates were prepared bj' grinding about 5 gms. of tumor tissue 
with sand and tlien adding 100 cc. of Ringer’s solution. After a thorough shaking 
the suspension was centrifuged to remove the sand and larger particles, and the 
supernatant fluid passed through a Berkefeld V filter. The tissues to be tested 
were ground to a fine pulp in a mortar with the addition of Ringer’s solution in 
the ratio of about 2 gms. of tissue to 1 cc. of fluid. A measured amount of the 
resulting pulp was placed in a centrifuge tube and a measured amount of the 
Berkefeld filtrate of the tumor was added and mixed thoroughly. After a period 
of contact, either at room temperature or in the incubator, the mixture was 
centrifuged and the activitj’’ of the supernatant fluid was tested by intradermal 
injections in normal chickens. The activity of each filtrate was tested by the 
injection of an untreated sample in a similar manner. 

Preliminary Experiment: — Five preliminary experiments were 
undertaken on a small number of animals in order to gain some idea 
as to the quantitative relationships and the degree of specificity of the 
reaction. As the technique was almost identical in the several experi- 
ments, the results are presented in tabulated form in Table I. 

From these preliminary tests it would seem that the muscle of 
susceptible chickens definitely reduces the amount of activity of 
the tumor agent in the filtrate. On the other hand, the brain and liver 
from the same chickens, and muscle, brain and liver from rabbits have 
no detectable effect on the potency of the tumor agent. 

Fixation and Inactivation Experiments with Mnscle from Chicken, 
Rabbit and Pigeon: — The next step was to duplicate the above experi- 
ments on an animal more closely related to the chicken, namely the 
pigeon, using larger amounts of tumor filtrate. 

Eight cc. of the muscle pulps were mixed with 4 cc. of fresh 
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tumor filtrate and allowed to remain in contact at room temperature 
for 3 hours for Experiment 12 and 14, and 4 to 6 hours for all the others. 
One cc. of the supernatant fluids was injected intracutaneously, and a 
similar amount of the tissue pulp in the breast muscle of normal 
chickens. The results are given in Table II. 


TABLE n 


Eip. no. 

Tumors from supernatant 
fluids 1 cc. 

Tumors from pulps 1 cc. 

Tumors from filtrate alone 

Chicken 

muscle 

Rabbit 

muscle 

Chicken 

muscle 

Rabbit 

muscle 

6 


++ + + 

+ +++ 


+ + + + 

0.5 CC. 
++++ 

1 cc. 

^ — f-"l — h 

7 

+ + 

+ + + 

+ + 

+ + 

++++ 

+ + + 

+ + + 
+++ 

+ 

+ 

+ + + 

+ + 

0.5 cc. 
++ 

5 cc. 
++++ 

1 cc. 
+++ 

10 cc. 

H — 1 — 1 — h 



Rigeon muscle 


Pigeon muscle 



8 

— 

— 

— 

+ + + 

1 cc. 
+++ 

2 cc. 

++++ 

9 

+ 

+ + + 

— 

— 

0.5 cc. 

1 cc. 

10 

+ + 

+ 

+ + + 
+++ + 

+ + + 

+ + + 

+++ 

H — 1 — 1 — h 

0.5 cc. 
+++ 

2 cc. 
+++ 

1 cc. 
+++ 

4 cc. 

++++ 

11 

+ 

++++ 
+++ + 

+ + + 

+++ 

1 cc. 
+++ 

5 cc. 
++++ 

2 cc. 
++++ 

5 cc. 

++++ 

12 

+ + 

+ + + 

++++ 

+++ 

1 cc. 

++++ 

2 cc. 

0.5 cc. 
+++ 

4 cc. 

13 

++ + 
+++ + 

H — 1 — 1 — 1* 

H — ! — h 
"1 — 1 — H 
++++ 

++ 

++++ 

+++ 

++ 

0.5 cc. 
++++ 

1 cc. 

H — 1 — 1 — H 

14 

_j — [- 

+H — 1-+ 
++++ 

++ 

+++ 

++++ 

+++ + 

+ + 

++++ 

++ 

1 CC. 

4 — h 

5 cc. 
+++ 
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It will be noted that more tumor filtrate was used witb the tissue 
pulp in this group of experiments than in the first group. Out of 
the nine experiments five gave evidence of reduction in activity of 
the filtrate after contact with chicken muscle pulp, while one was 
negative, and three showed no evidence of reduction in activity of the 
filtrate by chicken muscle contact. With the exception of No. 6, 
and probably No. 8, the injection of the pulps, both from the chicken 
muscle and the controls, showed them to be of about equal potency in 
the production of tmnors. 

The fact that a proportion of these experiments failed to show any 
marked reduction in the activity of the filtrate in contact with muscle 
pulp from susceptible animals suggested the possibility that too 
active a filtrate had been used. To test this several dilutions of the 
filtrate were utilized in the next group of experiments. For the 
results see Table III. 


TAJ3LE in 



Tumors from supernatant fluids 1 cc.| 


Tumors from pulps 1 cc. 

£xp. no. 






Chiclten muscle 

Rabbit muscle 





++ 

+++ 

Pure 

++++ 

+++4- 


++ 

H — 1 — 1- 

Filtrate 

++ 

+++ 

IS 

+ 

+++ 

1 l:l 

++ 

++++ 

+ 

++ 

Filtrate 

+++ 

++++ 


— 

++ 

1:2 

+++ 

++++ 


? 

? 

Filtrate 

++ 

++++ 


CHcken muscle 

Pigeon muscle 


Chicken muscle 

Pigeon muscle 


— 

++ 

Pure 1 

? 

? 


— 

++++ 

Filtrate | 




+ 

++ 

l:l 1 

HM 

++++ 

16 

— 

+++ 

Filtrate ! 

1 

■■■ 


+ 

+++ 

1:2 j 

■f-f 

+++ 


— 

+++ 

Filtrate 




+ 

++-f 

1:3 


-f4-F 


+ 

++ 

Filtrate 
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In addition tb the animals included in Table III, eacli of the 
two sets of supernatant fluids of experiments 15 and 16 from the 
three dilutions of filtrate were tested on the same chicken, 0.2 cc. of 
each being injected intradermally. The results are summarized .in 
Table IV. 


TABLE IV 


Tumors from Supcriiaiant Fluids 


Exp. no. 


Chicken muscle 

Rabbit muscle 

15 

Pure Filtrate 

+ + 

+ + + • 


1 : 1 Filtrate 

++ 

+ + 


1:2 Filtrate 

+ 

+ + + 

16 

Pure Filtrate 

(4) - 

(8) ++++ 


1 : 1 Filtrate 

(3) - ■ 

(7) +++ 


1 : 2 Filtrate 

(2) - 

(6) ++ 


1:3 Filtrate 

(1) + 

(5) ++ 



Fig. 1 


Fig. 1 gives a schematic representation of the cliicken used in 
Experiment 16, showing the relative sizes of the tumors 16 days after 
intradermal inocculation. 

It appears from these experiments that the amount of tumor agent 
fixed or inactivated by chicken muscle has a definite quantitative limit. 
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The difference in activity between the muscle of susceptible animals 
and of resistant ones is more clearly demonstrated when the filtrates 
are diluted. The results of the injection of the muscle pulps would 
suggest that the fixation power of the chicken muscle is stronger than 
its inactivating power. 

Fixation and Inactivation hy Desiccated Muscle : — It was desirable 
to know whether the properties found in the chicken muscle were 
properties of the living cell in the ground tissue or were reactions 
between the tumor agent and the tissue constituents. The following 
experiment shows that dried chicken muscle is able to fix and inactivate 
the chicken tumor agent almost if not quite as actively as the fresh 
pulp. 

Experiment 17 : — The dry muscle used in this experiment was from the same fowl 
as that used in the fresh state in Experiment 6, when complete inactivation of the 
filtrate had taken place. The tissues used were dried in a vacuum over sulphuric 
acid, and then ground to a coarse powder. One gram of each muscle desiccate 
was mixed with 2.5 gms. of Ringer’s solution and after the addition of 2 cc. of 
fresh tumor filtrate they were kept for two hours at 36°C. and three hours at room 
temperature. After centrifuging the mixture 1 cc. of each was injected intra- 
dermally in normal chickens, and the pulps were given in the same amounts 
intramuscularly. The activity of the filtrate alone was tested by the injection of 
5 cc. intramuscularly. The results are given in Table V. 


TABLE V 


Tumors from supernatant fluid I cc. | 

Tumors from pulps 1 cc. 

1 

Tumors of control from S cc. 
of filtrate alone 

Chicken muscle 

Rabbit muscle 

Chicken muscle 

Rabbit muscle 

+ 

++++ 

+ 

++++ 

i — h-k-i- i — i — (- + 


The experiment show’s quite clearly the inactivation as well as the 
fixation of the agent by the dr}’ chicken muscle. 

Fixation and Inactivation Experiments with Brain and Liver front 
Chicken, Rabbit and Pigeon: — The same relative proportions of the 
organ pulps and fresh tumor filtrate were used as those used in the fore- 
going e.xperiments with muscles. As indicated by the experiment 
number, these tests were performed simultancoush' with the muscle 
experiments, the length of contact being the same. The results are 
given in Tables VI and VH. 
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TABLE VI 
Brain 


Exp. no. 

Tumors from supernatant 
fluid 1 cc. 

Tumors from pulps 1 cc. 

Control tumors from filtrate 
alone 





Right side 

Left side 

7 

+ + 

+ + 

1 

++ 

++ 

+ + 

+ + 

+ + 

+ + 

0.5 cc. 
++ 

1 CC. 

+ + + 

18 

■| — 1 — h 
++ 

+++ 

++ 

++ + 

+ + + 

5 cc. 

10 cc. 



Pigeon brain 


Pigeon brain 



10 

+++ 

+ + + 

++ + + 

+++ + 

+ + + + 

+ + + + 

0.5 cc. 
+++ 

2 cc. 
+++ 

1 cc. 

H — 1 — h 

4 cc. 
++++ 

12 

! 

— 

— 1 

+++ 

++ + 

1 cc. 

++++ 

2 cc. 

0.5 cc. 
+++ 

4 cc. 


TABLE Vn 


Liver 


E-xp. no. 

Tumors from supernatant 
fluids 1 cc. j 

Tumors from pulps 1 cc. 

Control tumors from bltrate 
alone 






Right side 

Left side 

7 

1 ++ 

+ 

+ + 

+ 

+ + + 

H — 1 — h 

4 — 1 — h 
+++ 

0.5 CC. 

+ + 

1 cc. 
+++ 


+ + 

++ 

++ 

+ 

++++ 

++++ . 


++ 

++ 



0.5 cc. 

1 CC. 

18 

+++ 

+ + 

++ + 
++ 

— 

— 

5 cc. 

10 cc. 



Pigeon liver 


Pigeon liver 




+++ 

+ 

++++ 

+ + 

0.5 cc. 

1 cc. 

13 

+++ 

+++ 






++ + 

++ + 

++++ 

H — h 

++++ 

++++ 


++++ 

++++ 

+++ 

+++ 

0.5 cc. 

1 cc. 

14 

+ + 

+^ — 1 — h 






+ 

+ 

+++ 

++ 

++ 

++++ 
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It wiU be noticed in Experiments 7, 13 and 14 that the simultaneous 
experiments dealing "with muscle gave negative results, due to the 
excessive activity of the filtrate. Therefore, as far as chicken liver 
and brain are concerned, these experiments show at least that they 
are not endowed with a stronger inactivating power than muscle. Ex- 
periments 10 and 12 show pronounced fixation with muscle so that a 
proper control exists for these two experiments, and as the filtrate used 
in Experiment 19 was weak it is possible that any fixation would have 
been detected in this experiment. 

It seems, therefore, that not only do the liver and brain of rabbits 
and pigeons fail to show any fixating or inactivating properties 
for the chicken tumor agent, but that is true as well of the same 
organs of the chicken. 

In addition to the experiments above, two other tissue were tested 
for the fixating power on the chicken tumor agent, namely, a mouse 
sarcoma and a non-filterable chicken tumor. In neither tissue was 
there any indication of fixation while two of the four control tests 
with chicken muscle showed complete fixation of the agent. 

Attempts to Release the Agent from the Inactive Muscle-Filtrate Mix- 
tures : — ^As noted by Marie and Tififeneau (7), desiccation of the inac- 
tive mixture of brain and tetanus toxin releases the toxin. The tech- 
nique was used in an attempt to release the tiunor agent from the sus- 
ceptible muscle. 

Experiment 19: — The pulps from Experiment 11 were desiccated 
in a vacuum over sulphuric acid and four days later injected in an 
amount equivalent to 4 cc. of the fresh pulp. 

The results obtained 15 and 30 days after the injection are given 
in Table \TII. 


TABLE Vin 



Tumor from | 

chicken muse. 

Tumor from 
pigeon muse. 


Tumor from 
thicken tnusc. ' 

Tenor from 
pigeon mute. 

15 daj-s 

1 

4-++ 

30 days 


++++ 


It seems that the agent already fixed and inactivated is not released 
by desiccation. In fact, in this particular experiment, the injection 
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of dried pulps showed a greater contrast between the actions of the two 
muscle mixtures than did the fresh mixture as shown in Experiment 11. 

General Comparison of Results with Muscle from Susceptible and Non- 
suscepliblc Animals : — If all the tests with muscle of susceptible 
chiclcens used in the above experiments be compared with the results 
with pigeon and rabbit muscle, striking contrast betw'cen the groups 
will be noted. (Table IX.) In the 47 tests with chicken muscle 76% 
showed unmistakable e\idence of some fixation of the tumor agent, 
and in 34% this w^as complete. On the other hand, with the 43 tests 
with muscle from non-susceptible animals there w'ere no instances of 
fixation. The figures for inactivation, wiiile not based on so many 
tests show’’ a strong contrast between cliicken muscle on the one hand 
and the rabbit and pigeon muscle on the other. 


TABLE IK 

Results of Injection of Supernatant Fluids 


Muscle from 

Number 

chickens 

inoculated 

Total 

fixation 

Partial 

fixation 

No 

fixation 

Percentage 
tot. and 
part 
fixation 

Percentage 

total 

fixation 

Rabbit 

19 

0 

0 

19 

n 

0.0 

Pigeon 

24 

0 

0 

24 


0.0 

Chicken 

47 

16 

20 

11 

B 

34.4 


Results of Injection of Pulps 


Muscle from 

Number 

chickens 

inocuiated 

Total 

inactiv. 

Partial 

inactiv. 

No 

inactiv. 

Percentage 
tot. and 
part 
inactiv. 

[Percentage 
■ total inac- 
tivation 

Rabbit 

12 

0 

1 

n 

8.3 

0.0 

Pigeon 

12 

0 

1 


8.3 

0.0 

Chicken 

24 . 

2 

1 

9 

19 

45.8 

8.3 


DISCUSSION 

The evidence developed in this study seems to indicate that the 
agent of Chicken Tumor I is bound in vitro by muscle tissue from ■ 
susceptible fowls while the muscle and the tissues from non-susceptible 
animals such as rabbit and pigeon are devoid of any such action. As 
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far as the present observation goes, even such non-mesenchjanatous 
organs as the brain and liver of the susceptible fowl show no affini ty 
for the tumor agent in vitro. It is of interest in this connection to note 
the early observations of Murphy and Rous (8) who showed that when 
tumor filtrate was injected into the chick embryo, tumors developed 
only in the mesodermal layers of the embryonic membranes. 

The question naturally arises as to whether it is solely the muscle 
cell, the sarcolemma or both which are responsible for the binding 
action of the pulp. Although this point does not modify the essential 
nature of the phenomenon, the supposition that a transformation of 
the differentiated muscle ceU under the action of the agent into a 
malignant cell does not seem theoretically unreasonable. 

The interaction between the muscle of susceptible fowls and the 
tumor agent resembles in its specificity the binding of the antibodies 
by antigens, bacteriophage by the sensitive bacteria and the enzyme 
by the specific substratum. The muscle tumor agent combination 
seems to be rather stronger than some of the examples quoted, as desic- 
cation does not release the activity. The delicacy of the tumor agent 
prevents more extensive attempts to dissociate the combination with 
muscles. It is true that certain viruses also have a high degree of 
specificity in animals and plants and share -with the tumor agent the 
property of requiring living matter for their multiplication. How- 
ever, it has been demonstrated (9) that at least one typical virus, the 
vaccine virus, is not bound or inactivated by contact with sensitive 
tissue from susceptible animals. This is possibly a fundamental differ- 
ence between the behavior of the chicken tumor agent and the filter- 
able agents of the virus group. 

CONCLUSIONS 

Ground muscle from susceptible chickens fixes in vitro in a propor- 
tion of instances the agent of the filterable Chicken Tumor I, and in a 
lesser degree inactivates it, whereas the muscle from resistant animals 
such as rabbit and pigeon, is without effect. It is shown that the 
power of fixation of the chicken muscle is far greater than its inactivat- 
ing properties. 

Brain and liver from chicken, rabbit and pigeon seem devoid of anj- 
action on the agent. 
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The desiccated chicken muscle tissue shares the properties of the 
fresh organ; and the process of desiccation does not release the agent 
from the inactive or slightly active mixture of fresh muscle and 
filtrate. 
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THE EFFECT OF EXTRACTS OF CERTAIN ORGANS FROM 
NORMAL AND IMMUNIZED ANIMALS ON THE IN- 
FECTING POWER OF VACCINE VIRUS 

By F. DURAN-REYNALS, M.D. 

{From the Laboratories of The Rochefeller Institute for Medical Research) 
Flaxes 14 and 15 

(Received for publication, May 15, 1929) 

In a previous paper (1) we reported that when the agent of Chicken 
Tumor I was brought in contact with finely ground muscle from sus- 
ceptible animals it was bound so that both the supernatant fluid and 
the muscle tissue became partially or completely inactive when in- 
jected into chickens. The muscle of non-susceptible animals such as 
pigeon and rabbit, or even organs such as liver, brain and kidney of 
susceptible chickens do not affect the activity of the agent. 

The present study was undertaken in order to determine whether 
a similar effect could be demonstrated for a typical representative of 
the group of the so-called filter-passing viruses, such as vaccine virus. 
As laboratory animals are more or less susceptible to vaccine virus, 
for the refractive group it has been necessary to use artificially immun- 
ized rabbits, although it is realized that subsequent work may show 
that the comparison is unjustified.^ 

The fact that tissues of immunized animals inactivate the virus 
in vitro has already been shown. Thus Levaditi and Nicolau (4) 
report that vaccine virus and herpes virus were “destroyed” by the 
brain tissue from immunized animals. Tessier, Gastinel and Reilly 
(5) using a small number of animals confirmed the above result with 
herpes virus and further detennined that the brain and serum from 
naturally immune rabbits and non-susceptiblc dogs are devoid of 
action on the virus. 

’ A prcliminaty note on the subject has already been published and some of its 
points have been duplicated on the staphylococcus (2), (3). 
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Methods and Materials 

Vaccine Virus . — ^Three diflerent strains of virus have been used, namely, the 
Noguchi testicular vaccine virus, the Levaditi neurovaccine, and the cow glycerin- 
ized dermovirus of the Department of Health, City of New York3 

The specimen of testicular virus was prepared by injecting 0.5 cc. of vaccine 
emulsion mixed with an equal amount of Ringer’s solution into both testicles of a 
rabbit. 5 days later, when the resultant orchitis was at its height, the animal was 
killed, and the testicles removed aseptically. They were ground thoroughly with 
sand together with 25 cc. of glycerol and 25 cc. of Ringer’s solution. This emul- 
sion was distributed in tubes, covered with a layer of sterile vaseline, and kept in 
the ice-box. 

The specimen of neurovirus was prepared by injecting about 0.2 cc. of a heavy 
suspension of infected brain tissue into the brain of a rabbit. After 5 days the 
brain was removed aseptically and treated in the same manner as the testicular 
virus.. Dilutions, usually at 1 : 50, were made immediately before each e.xperiment 
with Ringer’s solution. 

The animals were carefull}"- shaved, so as to avoid any injury of the skin, and 
generally a test injection was made intracutaneously on one side, the opposite side 
being used as control in order to avoid the disturbing fact of the individual differ- 
ences in susceptibility. 

Inactivation of Testicular Virus by Inintune Brain Extract . — ^As 
mentioned above, Levaditi has shown that an extract of the brain of an 
immune animal neutralized the neurovaccine. This experiment has 
been repeated, substituting Noguchi’s testicular stain for the neuro- 
virus. 

The brains of two rabbits immune to the testicular virus were used, controlled 
by the brains from two normal rabbits. A half of each brain was ground and 
mixed with 2 to 3 cc. of a 1 ; 10 virus dilution. The mLxture was kept for 5 hours 
at room temperature in one instance and in the other for 3 hours at 37° and then 
overnight in the ice-box! The mixtures were then centrifuged and the supernatant 
fluids and pulps injected separately into normal rabbits. The results are shown 
in Table I. 


TABLE I 


Exper. 

j Lesions produced by supemat. fluids 

Lesions produced by pulps 

Immune brain 

Normal brain 

Immune brain 

Normal brain 

I 

0.5 CC. db 

+ 

0.1 cc. — 

+ 


0.5 CC. rfc 

+ 

0.1 cc. rfc 

rfc 


0.5 CC. — 

+ 

0.1 CC. ++ 

-1-+-1-+ 

II 

0.5 CC. — 

rfc 

0.1 cc. -t- 

+ 


0.5 cc. — 


0.1 cc. -fc 

-1- 
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Inactivation of Testicidar Vims by Immune Testicle Tissue . — The 
same experiment was repeated using testicle instead of brain tissues. 

Immune rabbits from 1 to 3 months after the immunizing injection of testicle 
or neurovirus were used. The testicles were removed and ground without sand, 
and measured amoimts of the resultant pulps were mixed with equal volumes of 
1:50 testicle virus dilution. The length of contact was 3 hours at room tempera- 
ture in one instance and from 1 to 3 hours at room temperature and overnight 
in the ice-box for the rest of the experiments. The mixtures were then centri- 
fuged and the supernatant fluids injected into normal rabbits. The same pro- 
cedures were carried out with normal testicles in the control experiments. 

The results are summarized in Table 11. 


TABLE n 


Eip. No. 

Lesions by supcmat. fluids from: 

Lesion by pulps from: 

Immune testicle 

Normal testicle 

Immune 

Normal 

3 

0.2 cc. — 

0.5 cc. ± 

H — f-+ 
++++ 

0.2 cc. — 

+ 

4 

0.2 cc. ± 

0.5 cc. ± 

+++ 

+++ 

0.1 cc. — 

0.1 cc. — 

+++ 

H — ["+ 

5 

0.2 cc. — 
Scari- — 
fica 
tion 

+ + 4- 

Scati- — 
fica- 
tion 

+ 

6 

0.5 cc. — 

++ 

No test 

No test 

7 

0.2 cc. + 

++ 

0.1 cc. -f 


8 

0.3 cc. — 

++ 

0.1 cc. — 

++ 

9 

0.5 cc. — 

+++ 

0.1 cc. — 

++ 

10 

0.5 cc. — 

H — 1 — h 

0.2 cc. — 


11 

0.5 cc. — 

0 . 5 cc. — 

++-{- 

++-}- 

0.2 cc. 

0.2 cc. -r 

-j — 


It is evident from these tests that the brain and the testicle from 
immune animals inactivate \’accine \’irus, the latter tissue being the 
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more active. The inactivation takes place quickly, as a contact of 3 
hours reduced the activity of the virus dilution as completely as a 
longer contact.'’ 

Perfusion Experiments. — It is known that the serum from an im- 
mune animal exhibits so-called viricidal action on vaccine virus. 
Hence the results obtained so far might be ascribed to the inacti- 
vating power of the blood contained in the tissue and not the tissues 
themselves. To check this point the following experiments were 
performed. 

A 3 months immune rabbit was perfused under anesthesia with Ringer’s solution 
and sodium citrate through the abdominal aorta and tlie vena cavauntil the testicles 
became perfectly white. The same procedure was carried out on a normal rabbit 
and the above e.xperimcnts were repeated with tliis material. The mixture of 
testicle and virus was kept at room temperature for 3 hours and then overnight 
in the ice-box. A similar experiment was carried out with neurovirus. The 
results are given in Table III. 


TABLE III 


Virus 

Lesion by supernatant fluids 

Lesion by pulps 

Immune testicle 

Normal testicle 

Immune testicle 

Normal testicle 

Testicle 

Neuro- 

1 cc. — 

1 cc. -k 

+++ + 

Very extensive 
lesion 

0.1 CC. dr 

0.1 CC. -k 

+ + 

! +d — i — k 


It appears that the lesions from immune animals possess an inacti- 
vating power as well as the serum. 

Speed of Reaction behveen Vaccine Virus and Immune Organs. E 

® The question of whether or not the testicle tissue from suscepticle animals 
fixes the virus was answered by a set of experiments in which normal rabbits 
were injected with testicle emulsions immediately after the mixtures were made 
and again after some hours of contact. As controls the same amount of virus 
dilutions as those contained in the mixtures was also injected at the same time. 
As there was no difference in the extent of the lesions produced it maj'^ be con- 
cluded that there was no fixation of the virus by normal testicle tissue. That there 
was a mechanical retention or adsorption of the virus by the tissue was shown by 
the fact that washing of the tissue after contact did not materially reduce the 
activity of the material when injected into animals. 
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further attempt was made to deternune the speed of reaction and its 
further progress during the time of contact. 

3 cc. of ground testicle tissue from a 35 day immune rabbit was mixed with an 
equal volume of a 1:50 testicular vaccine dilution. Mixtures were immediately 
centrifuged and a sample of the supernatant fluids injected intrademally into a 
normal rabbit. The remairung fluid and tissue were mixed and allowed to remain 
in contact for 5 hours at room temperature and then for 17 hours in the ice-box. 
The mixture was again centrifuged and another sample of the supernatant fluid 
was tested on the same rabbit. A similar experiment was carried out with neuro- 
virus. The results are given in Table IV. 


TABLE IV 


1 

Virus ' 

Ltsions produced by supemutant fluids 
immediately after mudng 

Lesion by supernatant fluids and pulps 
after 22 hours of contact 


Immune testicle 

Normal testicle 

Immune testicle 

Normal testicle 

Testicular 

0.5 tc. - 

+++ 

0.25 cc. -f 
0.50 cc. + 
O.lOcc. ± 

-1 — !-+ 
++++ 
-f-f + 

Neuro- 

O.Scc. -f 

Very large 
lesion 

1 0.25 CC. + 
0.50 cc. -f 

++++ 

++++ 


These tests indicate that the inactivation of the virus by the testicle 
from immune animals is accomplished very quickly and is not notably 
increased by further contact. 

The possibility that the virus was inactivated but not destroyed by 
the contact with tissues from immune animals was tested. The mix- 
tures subjected to tryptic digestion, desiccation or treatment with 
solutions of different pH failed to release the virus in active form. 

Enhancement of Nenrovirus by Normal Testicular Extract . — It will 
be noted that in the above experiment the neurovirus was inactivated 
by the testicular virus. On the other hand, the normal testicular 
extracts, which are devoid of appreciable effect on the testicular strain, 
gave evidence of an enormous augmentation in the skin lesions pro- 
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duced by the neurovirus. Tliis observation was confirmed by the 
experiments which are summarized in Table V. 



TABLE 

V 


Lesions produced by the supematnnt fluid from: j 

I Lesions produced by the pulps from: 

Immune testicle 

Normal testicle 

Immune testicle 

Normal testicle 

1. 0.2 cc. + 

2. 0.2 cc. ++ 

3. 0.2 cc. -b 

Very large lesion 
Very large lesion 
Very large lesion 

0.2 cc. -b 

0.2 cc. -b 

0.2 cc. -b 

Very large lesion 
-b-b-b-b 
-b-b 


The lesions were much more hemorrhagic and necrotic and spread 
over a much greater area than those produced by the virus alone. The 
two rabbits injected with the supernatant fluid from the mixture of 
normal testicular extract plus neurovirus became very sick, lost con- 
siderable weight, and died 6 and 7 days respectively after the injection. 
One of the rabbits injected with the pulp showed also a large lesion and 
became sick but eventually recovered. The other rabbits showed the 
usual vaccinal eruption. 

Detailed Study of the Enhancement of the Ncurovaccinc Virus by 
Testicle Extracts. — The nature of the lesions obtained in the foregoing 
set of experiments warranted a further and careful study of the power 
shown by normal testicle extracts in enhancing to such a high degree 
the infecting power of the Levaditi neuro virus. 

The technique at first was the same as in the foregoing experiments, and pulps 
as well as supernatant fluids were injected. Later on the procedure was simpli- 
fied by grinding the testicle together with its volume of Ringer’s solution and 
centrifuging immediately. Only the cloudy supernatant fluid was used. About 
0.5 cc. of this was mixed with 0.25 cc. of a 1 :50 dilution of infected tissue emulsion 
immediately before the injection. 

With the supernatant fluid the enhancement has been observed in 
practically all of the 80 tests carried out. In 2 or 3 instances where the 
enhancement was doubtful or negative, the effect was traced to the use 
of a feeble virus or atrophic testicles. The injection of the pulps in the 
amounts used did not give constant results, as in 5 out of 11 instances 
there was no enhancement, and in 2 cases only doubtful enhancement. 
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Only in a few instances did the virus-testide mixture give an earlier lesion 
than the virus alone. Generally on the 2nd or 3rd day evidence of the infection 
became detectable on both sides, but the lesion was very much less extensive in the 
control side. The lesions produced by the neurovirus alone generally reached 
their maximum spread by the 4th or Sth day and presented the usual picture of a 
more or less hemorrhagic localized eruption. On the other hand the lesions pro- 
duced by the virus plus testicle extract generally continued to spread till the 6th or 
7th day, by which time they had extended throughout the flank and even over the 
abdomen. The skin appeared thick and very red or violaceous in color, and it was 
often covered with blisters. Areas of necrosis often appeared in the middle of the 
lesion and sometimes the whole of the skin area was necrosed. There was gener- 
ally a marked oedema in the neighbouring regions. 

General symptoms in the rabbits injected intradermaUy with the testicle- 
neurovirus mixture became pronoimced. The temperature reached 105°F. and 
sometimes 106° and 107°. In most cases hypothermia followed in the days im- 
mediately before death. There was considerable loss in weight — sometimes more 
than 600 gm. — and most of the animals developed severe diarrhea and signs of 
pulmonary disease. Conjunctivitis was observed in a few instances. 

Death occurred in about 25 per cent of cases. The most striking findings at 
postmortem examination were a double hemorrhagic lobar pneumonia with some- 
times widespread pulmonary abscesses and severe glomerulo-nephritis. Lymph 
nodes in the vicinity of the lesion were enlarged and congested and the testicles 
were sometimes congested. The details of the histological lesions of this gener- 
alized vaccinal infection will be reported in a later paper. T>pical alterations 
were found in the ovaries, tesicles, suprarenals, lungs, etc., and vaccine virus was 
easily recovered from these and other organs independently of its presence in the 
blood. 

In other animals purposely killed at the height of the disease, more 
or less pronounced lesions were also found in the lungs. The general 
clinical and histo-pathological picture of disease caused by the vaccine 
virus plus testicle e.vtract is that of the usual infection by the \drus 
alone, but e.xtraordinarily enhanced. 

The Influence of Other Organ Extracts on Ncurovirus Infection . — It 
was obviously interesting to know how organs other than testicle 
behave when injected along wdth neurovirus. 

The same technique was employed, the supernatant fluids only being used. 
The mixture of virus and tissue extracts or serum was made immediately before 
injection, in the ratio of 0.25 cc. of a 1 :50 dilution of the \-irus emulsion to 0.50 cc. 
of the organ or tissue extract. 
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The results are summarized in Table VI. 

TABLE VI 


Organ extract injected with ncurovirus 

No. of 
tests 

1 

No. 

enhanced 

No. un- 
modified 

No. 

decreased 

No. sup- 
pressed 

Testicle 

SO 

7S 

2 

0 

0 

Kidney 

6 

6 

0 

0 

0 

Skin 

2 

2 

0 

0 

0 

Suprarenal 

4 

0 

4 

0 

0 

Blood (whole) 

3 

0 

1 

2 

0 

Serum 

10 

0 

5 

5 

0 

Bone marrow 

8 

0 

5 

3 

0 

Lymph nodes 

2 

0 

2 

0 

0 

Spleen 

24 

0 

8 

14 

2 


In addition to the above, one test each was made with several other 
tissues. The indications from these are that liver, brain and placenta 
enhance the infection, while muscle, retina and the whole embryo are 
without efifect. 

From the study of the results we are able to classify the organs or 
tissues as regards their influence on vaccinal infection as follows: (1) 
organs that always enhance, such as testicle, kidney, etc.; (2) organs 
which neither enhance nor interfere, as, probably, muscle, suprarenal, 
etc.; (3) organs which never enhance and very often interfere vdth and 
even suppress the infecting power of the neurovirus, such as spleen, 
blood, etc. 

Among the organs endowed with an enhancing power the testicle is 
by far the strongest, whereas the spleen seems most active among tlie 
organs which interfere with the infection. It is interesting to note 
that the inhibiting power of the spleen is quickly lost by dilution, the 
pulps being the most effective, whereas the enhancing power of the 
testicle, as will be seen later, is unaffected by high dilutions. 

Enhancement of the Dermovaccinc Vims by Testicle Extracts . — In 
view of the fact that the enhancement of the vaccine virus in the skin 
was positive with the neuro- and negative with the Noguclii testicular 
virus, it was desirable to determine whether the testicular extract was 
capable of enhancing the activity of the usual cow de^mo^d^us. 

Rabbit testicle extract was prepared in the usual way, and 0.5 cc. was injected 
intradermally together with the entire content of a tube of dermovirus (a human 
dose) into the left side of two rabbits. The right side was injected with the virus 
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alone with Ringer’s solution. The left side showed lesions 5 times larger than the 
right side, but these lesions were milder than those caused by the neurovirus or the 
testicle virus. 

Enhancement of the Noguchi Testicle Virus. — That the feebler activ- 
ity of the Noguchi testicle virus is not responsible for its lack of acti- 
vation by testicle extract is clearly shown by the foregoing experiment 
where a still feebler virus, the cow virus, is definitely enhanced by the 
same extract. 

Kidney extracts proved to be effective in one experiment in enhanc- 
ing slightly but definitely the testicle virus infection in the skin. In 
another experiment testicle virus was injected into the brain of a rabbit 
which was killed 5 days afterwards, and this brain, used as neurovirus, 
proved to be definitely enhanced by testicle extract. The lesions ob- 
tained were the usual mild lesions produced by the testicle virus. On 
the other hand, the neurovirus after growth in the testicle lost none of 
its virulence and was stiU actively enhanced by testicle extracts when 
injected intradermally. It is therefore obvious that enhancement 
of testicle virus by organ extracts is possible under certain conditions. 

Enhancement of Neuro- and Testicle Virus by Testicle and Kidney 
Extracts when Injected into the Testicles. — These experiments vrere 
performed in order to determine the effect of the enhancement in 
organs other than skin, namely, testicles. 

The general procedure in preparing the material does not differ from that used 
in the skin experiments. The right testicle was used for injections and the left 
used for comparison. The results of 4 experiments on 16 rabbits are summarized 
in Table WI. 


TABLE VII 


Lesion produced by: 

X*esion produced by 






Neurovirus 
plus organ ext. 

Neuro virus 
plus Ringer’s 

Testide 

+ 

++ 

Testide 

+-f+ 

++-f- 

Kidney 

Testide 

+++ 

++-i- 

.4 

Testide 

Testide 

+++-1- 

++++ 

+-r+ 

Kidney 

Kidney 

+ + “1- 
4* 


Kidney 

Kidney 

+-j-r+ 



This minus sign does not show complete absence of orchitis but simplv the 
complete absence of any gross inflammation. That infection had taken place is 
shown by the fact that an active virus may be recovered. 
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From the study of tliis table we can draw the conclusions that, 
in spite of some irregularity of both neuro- and testicle virus in giving 
rise to definite orchitis in rabbits, both can be enhanced by either 
testicle or kidney extract when injected into rabbit testicles. 

Experiments on the Nature of the Enhancement . — The enhancement 
is not species specific, as the tests show that rabbits injected with 
neurovirus plus rat or guinea pig testicle extract, prepared and used as 
the rabbit extract, exhibit typical enhanced lesions. All animals in- 
jected became sick and some died on about the Sth day, with the usual 
general signs especially in lung and kidney. The age of the animal 
from which the organs for the extracts are taken, as well as the age of the 
injected animal, has no influence on the phenomenon of enhancement. 
Animals solidly immune to both neuro- and testicle virus are as resist- 
ant to infections by the virus plus testicle extract as by the virus alone. 
Slightly autolyzed extracts are endowed wth the same power as ex- 
tracts recently obtained. 

The virus does not seem to be modified in its virulence, for strains 
secured from the enhanced lesions are no more highly infective than 
those secured from the ordinary lesion. Tliat, at least, the action 
of the extracts is directed toward the cell is shown by the occasional 
observation tliat some rabbits having pronounced lesions from pure 
neurovirus showed a typical vaccinal eruption in spots injected only 
with testicle extract. This suggested an experiment in which the 
shaved skin of a rabbit received in three different spots testicle ex- 
tract,^ and at the same time 1 cc. of neurovirus diluted with 20 cc. of 
Ringer’s solution was injected into the ear vein. Typical lesions 
developed at the three injected spots and the animal died on the 4th 
day, showing that the blood virus localized only in the sensitized spots. 
After the injection of testicle extract the cells remained sensitized for a 
certain length of time. Tins was shown by an experiment in which 5 
rabbits were injected intradermaly with 0.5 cc. of the extract while in 
the course of the following days 0.25 cc. of a 1 :50 dilution of the virus 
was injected in the same spots. Another spot on tlie sldn was injected 
with the virus alone in each case as a control. Enhanced lesions were 

® The extract used in this experiment was kept 24 hours at room temperature 
and 24 more in the ice-box. Two similar e.xperiments dealing with testicle virus 
gave negative results. 
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obtained up to tbe 3rd day, wbereas later tbe lesions were not different 
from those obtained in the control spots, or the enhancement was 
doubtful. The virus used was of moderate strength, so that perhaps 
a longer sensitization would have been observed with a more active 
virus. 

Preliminary Experiments on the Physical and Chemical Nature of 
the^ Enhancing Substance. — As the result of a number of pre limi nary 
experiments some of the properties of the enhancing substance have 
been determined. Dilutions of the supernatant fluids of testicle 
extracts, as high as 1 : 160 are almost as active in their enhancing power 
as the full strength extracts. Berkefeld filtrates of the extracts 
contain the enhancing substance in considerable amounts. Exposure 
to 100°C. for 3 minutes completely destroys the activity of the.extracts. 
The precipitate resulting from the acidification of a Berkefeld filtrate 
of testicle extract contains practically all of the enhancing substance. 
This precipitate gives uniformly a strong Feulgen reaction, indicating 
a predominance of nucleoprotein elements. 

DISCUSSION 

The experiments reported here show that the neuro-, testicular and 
cow strains of vaccine virus are not only uninjured by contact fw 
vitro with sensitive tissues from susceptible animals, but their infec- 
tivity is enhanced to an extraordinary degree by such contact. This 
finding is in strong contrast to the results obtained when a chicken 
tumor agent is subjected to similar treatment. The fact that one 
agent is either bound or inactivated by the constituents of the more 
susceptible tissue while another has its activity greatly enhanced sug- 
gests a fundamental difference in the mechanism involved in the action 
of the two and tends to separate them into different classes. It is 
known that certain enzymes form a union with the specific substance 
on which they act and this is supposed to be true in general for the 
enzyme-like agents. Whether or not the virus group is uniformly 
unaffected by contact in vitro with tissues of susceptible animals, or 
may have their acti\ity enhanced by such tissues, remains to be deter- 
mined. In the instance of the \’accine virus the evidence is conclu- 
sive. 
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The result of contact of vaccine virus wth tissue extracts from 
immune animals and the chicken tumor agent vnth tissues from 
susceptible fowls is the same, namely, inactivation in both instances. 
The fact that vaccine virus is inactivated particularly by the sera from 
immune animals is well known and is generally considered to be the 
result of a real destruction of the virus. But the fact that the reaction 
between the virus and the immune tissue extract reaches its maximum 
almost innnediately after the contact is effected and does not progress, 
and furthermore, because of the similarity between this effect and the 
inactivation of the cliicken tumor agent by sensitive tissues, seemed to 
indicate that the action was not a destruction of the virus. The recent 
work of Andrews (6) has shown that the active ^^rus may be recovered 
after contact with immune serum even when the serum is used in great 
excess. Furthermore Long and Olitsky (7) have shown that active 
vaccine virus may be recovered by cataphoresis from the testicle of 
immune animals many months after the disappearance of aU active 
lesions. Hence it seems that the virus is not necessarily destroyed by 
the unmune substance. 

The most active of the tissues in the augmentation of the infectivity 
of the vaccine virus is the testicle. It is of interest to note that tliis 
organ is not only the most sensitive tissue to direct inoculation but is 
with the ovary the site where, in absence of previous irritation, the 
vaccine virus localizes most abundantly after intravenous inoculation. 

The mechanism of the enhancement is not clear. The fact that the 
virus injected into an area of skin some hours or days after tire tissue 
extract has been injected into the same area, results in an enhanced 
lesion, suggests that the effect of the extract is on the host cells, render- 
ing them more susceptible to the virus, rather than on the virus direct. 
Tliis interpretation is further strengthened by the observation that 
virus injected intravenously localizes most readily in areas of skin 
previously injected with testicle extract, and the lesions resulting are 
very extensive. It may well be that the extracts act primarily as a 
stimulus to cell division, thus increasing the number of young cells 
which are supposed to be more susceptible to the virus effect than 
older cells. 

Aside from the organs or tissues whose extracts enhance the activity 
of vaccine virus there are others which frankly interfere with the infec- 
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tion. Among these latter the spleen pulp shows greatest inhibiting 
effects. In this connection evidence associating lymphoid reaction 
with the inhibition of tissue growth is recalled. But regardless of the 
explanation of the phenomenon described it seems that a basic differ- 
ence has been estabhshed between the behavior of the filterable agent of 
the chicken tumor and a typical member of the so-called filter-passing 
viruses. 


SUMMARY 

Brain and testicle tissue from immune rabbits brought in contact 
with the Levaditi or Noguchi strains of vaccine virus will fits or inacti- 
vate the virus. Extracts of normal testicles from susceptible animals 
enhance to an extraordinary degree the infectivity of both the neuro- 
and dermal strains of vaccine virus. The Noguchi virus is not affected 
by testicle extracts when injected into the skin, but kidney extract 
has a definite enhancing power on the strain when injected into either 
skin or testicle. 

The effect of tissue extracts seems to be on the cells of the host rather 
than on the virus. This is indicated by the fact that virus injected 
intravenously localizes most readily in an area of skin previously 
injected with testicle extract. Furthermore an enhanced lesion 
results if the virus is injected into an area as long as 3 days after 
the area has been injected with testicle e.xtract. 

The augmenting substance of the tissue extracts is little affected by 
high dilutions, passes through a Berkefeld V candle and is carried down 
with the proteins precipitated by weak acids. 

Rabbits with enhanced lesions show general symptoms and about 
25 per cent die with generalized vaccinia. 

Kidney, and probably skin, brain and liver extracts possess enhanc- 
ing properties, but to a much less degree than the testicle. On the 
other hand, spleen, blood and probably Ijmph nodes and bone marrovr 
not onlj’- fail to produce enhancement, but actuall}’- restrain or even 
suppress entirely the vaccinal skin infection. 
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EXPLANATION OF PLATES 
Plate 14 

Fig. 1. (Rabbit 160, right side). Lesion produced by the intradermal injection 
4 days before of 0.25 cc. of a 1:50 dilution of neurovirus plus 0.50 cc. of the pre- 
cipitate obtained by the addition of acid to the Berkefeld and concentrated testicle 
e.xtract. 

Fig. 2. (Rabbit 160, left side). Control. Lesion produced by 0.25 cc. of the 
virus dilution plus 0.50 cc. of Ringer’s. Note in the lower abdomen the oedema 
from the right side lesion. 

Fig. 3. (Rabbit 163, right side). 

1. Lesion produced by the injection 5 days before of 0.25 cc. of a 1 :50 dilution of 
neurovirus plus 0.50 cc. of testicle extract. 

2. Lesion produced by 0.25 cc. of the virus dilution plus 0.45 cc. of spleen 
extract. 

Fig. 4. (Rabbit 163, left side). Control. Lesion produced by 0.25 cc. of a 
1 : 50 dilution of virus plus 0.50 cc. of Ringer’s. 

Plate IS 

Fig. 5. (Rabbit 97, right side). 

1. Lesion produced by the injection 8 days before of 0.25 cc. of a 1:50 virus 
dilution plus 0.50 cc. of testicle extract. 

2. Lesion produced by the injection 8 days before of 0.25 cc. of a 1 : 100 virus 
dilution plus 0.50 cc. of testicle extract. 

3. Lesion produced by 0.25 cc. of a 1:100 dilution of neurovirus plus 0.50 cc. 
of kidney extract. 

Fig. 6. (Rabbit 97, left side). Control. 

1. Lesion produced by the injection 8 days before of 0.25 cc. of a 1:50 neuro- 
virus dilution plus 0.50 cc. of Ringer’s. 

2. Spot injected with 0.50 cc. of kidney extract alone. 

3. Spot injected with 0.50 cc. of testicle extract alone. Note the secondary 
localization of the virus. 

(The rabbit died 2 days after the photographs were taken.) 
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One of us has shown in a previous paper (1) that extracts from nor- 
mal testicles are endowed with the power of enhancing to an extraor- 
dinary degree the lesions produced by vaccine virus. Extracts from 
kidney, liver, skin, brain and placenta share this property only to a 
certain extent. Extracts from suprarenal, retina, muscle and ovary 
do not modify the vaccinal infection, whereas blood, spleen and bone 
marrow extracts frankly interfere with and even suppress the activity 
of the virus. 

Rabbits injected intradermally with mixtures of neurovirus and 
testicle extract become ill, develop a very high temperature, lose 
considerable weight, and approximately 25 per cent of the animals die 
from the disease. The present study is chiefly concerned with the 
histolo^cal characteristics of the wide-spread, typical vaccina, together 
with the non-specific lesions found at autopsy, and with the bearing 
of these findings on the much discussed question of the tissue affinities 
of the vaccine virus. 

Calmette and Guerin (2) found that when vaccine \drus was injected intra- 
venously, it localized selectively in the shaved areas of the skin, whereas no locali- 
zation was observed in mesodermic organs. This phenomenon was also observed 
by Camus (3), who found moreover that the virus localized in the buccal mucous 
membrane, genital organs and in cutaneous naevi. It was likewise noted by 
Levaditi and Nicolau, Rivers and Tillctt, Noguchi and others (4, 5). Borrcl and 
Burnet (6, 7) introduced the term tpithllioscs for a group of diseases produced by 
filter-passing wruses; viz., vaccinia, variola, fowl-por, sheep-pox and molluscum 
contagiosum, all of which were said to attack epithelium almost e.xclusivclv. 
LipschUtz (8) promulgated the theor>' that the tissue localization of a virus is 
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conditioned by so-called specific affinities. A similar hypothesis was sustained 
by Menze (9). The doctrine of the cclodcrmoscs nciirolropcs, however, has been 
defended mainly by Levaditi and his coworkers. Vaccine virus is regarded as a 
t>T)ical member of this group, showing a marked affinity for the internal segment 
of the ectoderm (neuraxis) and a more or less pronounced affinity for the external 
segment of tlie same ectoderm. The mesoderm and blood, therefore, would be 
considered wholl}'^ non-susceptible, and only certain entodermic organs would be 
involved. 

In 12 e.xperiments performed bj' Levaditi and Nicolau (10) vaccine virus was 
injected into rabbits, usually by the intravenous route. These rabbits were killed 
in from 6 to 10 days. The virus did not localize, or else was poorly localized, in 
mesodermic organs, whereas it did localize in the mammarj’' glands, adrenals, 
tongue and buccal mucosa, and likewise in the skin and brain, but only after 
irritation. It localized abundantly in the lungs and moderately in the liver and 
the submaxUlary salivarj^ glands. Histological lesions, infiltrative or necrosing, 
were found in the mammary glands, and on two occasions in the lungs and liver. 
They were alwa3fs absent in mesodermic organs. Of all the structures studied by 
Levaditi and Nicolau, the testes and ovaries were regarded as the most sensitive 
to vaccine virus because the virus could readilj^ be recovered from them and be- 
cause, at histological examination, necrotic lesions, interstitial in distribution, 
were consistently found. 

The susceptibility of the testicle had alreadj’^ been shown by the work of Nogi'chi 
(11), Ohtawara (12), Rivers and Tillett (loc. cit.) and others, who found tliat the 
testis was the most suitable organ in which to demonstrate very small amounts of 
virus. Moreover, Parker (13), Meradn and Schemerling (14), and Eagles and 
McClean (15) reported data showing that testicular tissue is an excellent substrate 
for the in vitro cultivation of vaccine virus. 

The concept of cclodcrmoscs neurolropcs was enunciated in 1921 (16). Since 
then there has been a reaction against it, since later e.xperimental work has failed 
to bring supporting evidence. Thus, Blanc and Caminipetros (17), Chaumier 
(18), Walthart (19) and Ledingham and McClean (20) succeeded in implanting 
and passing vaccine virus in pure mesodermic tissues, such as muscle, kidney, 
lymphatic tissue and derma (corium) without anj"^ loss of activity. Moreover 
Ohtawara (loc. cit.) and Gildemeister and Heuer (21), after intratesticular inocula- 
tion, withdrew the virus from the blood as late as the ISth day after tlie injection. 
Recently Wilson and Smith (22) bj’’ the use of a special technique of fractionation, 
found the virus adherent to the white blood cells up to 8 daj^s after injection. 
Vaccine virus has been successfully cultured in vitro in a kidney medium bj' 
H. B. and M. C. Maitland (23) . 

Watanabe (24), in a small series of animals injected intravenousty, found that 
the virus localized especially in the dermis without involvement of the epithelial 
cells; it was likewise found in the liver and spleen. 

A very extensive study of the subject has been made by Douglas, Smith and 
Price (25), who, after intravenous injections in a particularly sensitive strain of 
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rabbits, noted that the virus produced macroscopic specific lesions (pocks) in the 
foUovdng organs, arranged in order of their frequency of involvement: first, lung, 
skin and mucosa, spleen, and liver; secondly, genital organs and adrenals, both 
with the same percentage incidence of lesions. After intradermal and cerebral 
inoculation some generalization was detected, especially in the lungs, liver, skin 
and spleen. The tissues were tested by sub-inoculation for infectivity and it was 
found that during the first two weeks the virus was abundant in the lungs, spleen, 
bone marrow and genital organs; after this time, however, the skin, tongue, 
adrenals, ovaries and testicles seemed the most prone to harbor the virus. These 
authors’ conclusion was that vaccine virus “possesses varying degrees of affinity 
for different tissues and general statements of tissue susceptibility to vaccinia 
virus should however be received with caution.” 

Ledingham (25) believes that the reticulo-endothelial system is in the main 
affected and responsible for the vaccinal infection, the epithelial lesions being 
secondary to the attack on the mesodermal derivatives. This conclusion was 
reached both by the histological study of the experimental lesion and by the fact 
that a blockade of the system in the skin with India ink frankly interfered with the 
infection. Several authors have already regarded the variolous pocks in the skin 
as being purely inflammatory. MacCaUum and Moody (27) state that in alastrim 
the corium is involved before the epithelium. 

The literature concerning the pathological anatomy in variola and allied diseases 
is most extensive. A complete account of the work previous to 1904 will be found 
in the memoirs of Councilman, Magrath and Brinkerhoff and their associates 
(28), but most of these papers are concerned with the parasitic nature of the virus 
and deal chiefly with skin and comeal lesions where Guamieri bodies are easily 
found. Nevertheless the above-mentioned authors give a verj' complete descrip- 
tion of the generalized lesions in variola, noting in the testes specific “anemic 
focal necrosis,” and furthermore degeneration apparently not truly anemic in 
origin, but “due to the action of toxins,” in the blood-forming cells of the bone 
marrow which constitute for them lesions almost pathognomic of variola but 
nevertheless devoid of “parasites.” Chiari described these bone marrow lesions, 
applying the term “osteomyelitis variolosa.” Councilman and his associates 
likewise noted the constant occurrence of more or less acute diffuse degenerative 
changes in liver, kidney, suprarenals and testes. 

The most common lesion found in the lung and one which was verj’ rarely 
absent was bronchitis, usually combined with more or less extensive broncho- 
pneumonia even when this was not grossly demonstrable. 

As early as 1886 Chiari (29) found in the testicles of 15 variolous children and 
in 85 per cent of adults with smallpox, tj-pical foci with a central area of necrosis 
surrounded by an area of cellular infiltration. He regarded these lesions as being 
due to the direct action of the vims. Similar necrotic specific changes in the bone 
marrow and testes have been found by MacCallum (31) in alastrim. MacCallum 
mentions the intense cloudy swelling and focal necrosis in the liver, and the exten- 
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sive degenerative changes in the kidneys. In most cases there was an acute 
bronchitis, and in many there occurred a rather severe lobar pneumonia. 

Material and Methods 

The rabbits used were mostly of the common gray variety; some, 
however, were of the albino type. No essential difference between 
them could be detected. The age of tlie animals appeared of no signifi- 
cance. 

The animals studied were grouped and treated as follows : — 

A) Twenty-one rabbits were injected intracutaneously with 
neurovirus plus testicle extract. Twelve of these died as a result of 
the infection. The others were killed when in a more or less serious 
general condition. All of them were autopsied during the course of 
extensive specific lesions in the skin, the area involved often occupying 
the whole flank and abdomen. 

B) Eight rabbits were injected intravenously with either 1 or 2 cc. 
of neurovirus diluted to 1:10 or 1:20, alone or mixed with rabbit 
testicle extract. Two of the animals died ; the others were killed.^ 

C) Two rabbits were injected in the testis, two more in the brain 
and one directly in the liver. 

The disease resulting from the injection of neuro^drus plus testicle 
extract when inoculated together into the skin has already been 
described (1), 

Gross Lesions 

At the postmortem examination of the animals dying from vaccinia 
the following changes were observed: 

A markedly edematous zone of hemorrhagic character widely surrounded the 
borders of the vaccinial lesion in the skin. The lymph nodes of the drainage area 
were very much congested and enlarged. There was marked congestion of the 
splanchnic organs — kidneys especially; the liver was enlarged. The peritoneal 
cavity frequently contained a few cubic centimeters of viscid hemorrhagic fluid. 
The muscles of the abdominal wall occasionally showed discrete punctate hemor- 
rhagic areas. There was uniformly congestion of the testes with some fluid in the 
tunica vaginalis. The most obvious gross changes were found in the lungs where 


^ The virus was prepared as described in other papers. This particular sample 
was of a uniform activity, giving positive takes in the skin at a dilution as high 
as 1 :2.000. 
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the lesions consisted of foci of congestion and patches of lobular pneumonia. We 
are fully aware of the doubtful significance of such lesions in the rabbit lung. 
The pleurae and pericardium were occasionally involved, the serous cavities 
being distended by fluid. 

In the animals killed the intensity of the lesions bore a comparable relationship 
to the gravity of the clinical condition. 

Pocks in internal organs, as described b 3 ’’ Douglas, Smith and Price, were 
never encountered. Only in the suprarenals and ovaries the existance of clean- 
cut and more or less hemorrhagic foci with superficial elevation of the gland surface 
enabled one to make the diagnosis of vaccinal infection macroscopically. The 
testicles likewise showed these foci, but less clearly. Skin generalization was 
observed but very rarely. In more than 200 rabbits with simple or enhanced 
cutaneous or testicular lesions, t 3 TDical pocks were encountered with some regu- 
larity, although in small numbers, in the tongue and lips alone. 

It must be kept in mind that we used the same strain of virus that 
Douglas, Smith and Price used, so that evidently idiosyncrasy in the 
rabbits is of paramount importance as regards the generalization 
and character of lesions produced by the neurovirus. 

Microscopical Findings 

Material was fixed in Zenker’s fluid and thin sections — some 4 micra in thick- 
ness — were stained in Mallory’s eosin-methylene blue, phloxine-methylene blue, or 
by Wolbach’s modification of the Giemsa stain. Lesions regarded as specifically 
vaccinal were found by histological examination in lung, liver, spleen, Ijunph 
nodes, bone marrow, adrenal, ovary, and testis; one doubtfully specific lesion was 
encountered in the kidney. Changes considered as accessory and not definitely 
specific were found in spleen, lymph nodes and kidnej's. In the specific wsceral 
lesions nothing of the nature of Guamieri bodies were found after long search, 
save perhaps in the ovary, where, in two animals, structures were present in 
Graafian follicle cells adjacent to an active vaccinal necrosis, secminglv ej'to- 
plasmic inclusions answering the histological criteria for the Guamieri body. 
Both the characters and the distribution of the vaccinal lesions leave little doubt 
as to their specific nature. The characters arc obvious from the subsequent 
descriptions. The distribution is not in agreement vidth that of any known tj-pe 
of accessory streptococcic invader since the organs affected mostly are those 
generally shunned by the blood-bom streptococcus. Furthermore, a check on the 
vaccine content of the organ bj' subinoculation and a comparison between the 
organ content of virus and the blood content in the same animal would apparently 
eliminate any doubts. 

Liver; Liver lesions occur in diverse forms. In the earliest foci the walls of the 
liver sinusoids arc damaged and an e.xudate of predpitated albumen and fibrin 
occupies the space between endothelium and liver parenchjma. One might be 
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led to infer from these early capillary lesions, which are promptly followed by the 
appearance of fibrin plugs within the vessels, that tlie subsequently appearing, 
abscess-like foci arc of thrombotic origin. However, before capillary thromboses 
occur even in the earliest lesions, one finds one or more punctate liver cell necroses, 
and it is the punctate character of these necroses which forces one to eliminate 
thrombosis as a causative factor in their genesis. The lesion is primaril}'' paren- 
chymatous. These necrotic liver cells undergo c^'toplasmic h 3 ’alinization; the}' 
stain deeply pink with eosin-methylcnc blue or Giemsa stains; their nuclei become 
pyknotic or graduall}' fade out, the chromatin being reduced to a fine dust-like 
deposit. Neitlier nuclear nor cytoplasmic swelling (“ballonartige”) has been 
seen. 

As the lesion enlarges the capillaries become plugged over a wider area and the 
thrombosis may even e.xtend into larger vessels. It is particularly in tliis case 
that one may be led to regard the lesion as thrombotic; however analysis forces 
us to abandon this suggestion since in several instances it has been possible to 
trace these wide-spread areas of hyalin necrosis and to follow their formation as 
fusions of originall}' punctate single cell necroses such as those shown in Fig. 1. 
They occur in rabbits grossly free from evidences of coccidiosis or verminous 
cysts. One noteworthy feature is the very low grade reactive process; a few 
pol}'morphonuclear leukocytes may appear in the thrombosed sinusoids and may 
invade the necrotic liver cells, but the appearance is that of a paralyzed, insignifi- 
cant type of reaction; the leukocytes present e-vkibit marked fragmentation of their 
nuclei which rapidly degenerate into nuclear dust. Fibroblastic proliferation is 
absent in the acute stage. Guarnieri bodies have never been seen. 

Suprarenal; The lesions of the suprarenal are quite similar to those of tlie liver, 
save that the broad zones of hyaline necrosis were but once encountered. The 
early foci are either of the nature of sharp punctate single cell necroses or isolated 
hemorrhagic foci of varying size. (Fig. 2). The parench}'matous cells undergo 
rapid hyaline degeneration; a fibrin e.\udate is thrown out about the capillaries; 
fragmented polymorphonuclear leukocytes invade the necrotic cells. The reaction 
may become fairly intense, whereupon the appearance is that of an abscess with 
intense necrosis. (Fig. 3). In the early stages there is evidence of stimulation 
of the suprarenal parench 3 mia and several mitotic figures per oil immersion field 
may be encountered in pink-staining, damaged cells. (Fig. 5). Ballooning 
degeneration has not been seen and no Guarnieri bodies were to be found. These 
lesions are not due to secondary bacterial invaders; they appear in animals 
injected intravenousl}' or intratesticularly or directly into the liver — in animals 
without skin lesions to serve as a source for secondary microbic invasion. 

Ovary: The ovarian lesions are widely distributed throughout all anatomic 
divisions of the organ. They are to be found in the stroma, they involve the 
interstitial cells, theca interna and externa, and corona radiata. They are of the 
usual hemorrhagic, necrosing, degenerative type (Fig. 4) with much fibrin deposit, 
and may call forth a considerable polymorphonuclear and monocytic reaction. 
In the ovary alone of all the viscera have structures been encountered which 
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answer all the histological requirements of the Guamieri bodies. These cyto- 
plasmic inclusions are pictured in Figure 6. One must emphasize, how'ever, the 
difficulty of really interpreting these structures; necrosis is so acute and so exten- 
sive, cell fragmentation so wide-spread, bits of broken-up acidophilic cell detritus 
are so readily washed from place to place during the mere technical handling of 
material, that appearances may become very deceptive. We feel therefore some 
doubt as to the nature of the structures which answer the morphological require- 
ments of Guanieri bodies, especially in view of the fact that in no other viscus 
have they been certainly encountered. 

Testis: Testicular lesions involve tubules, interstitial tissues, and in one instance 
the tunic was affected, with the production of an acute vaccinal periorchitis. 
These specific lesions in no way differ from those of the ovary or suprarenal. 
Specific cell inclusions could not be identified. In addition, in many animals in 
which no specific testicular pustules were found, spermatogenesis was nevertheless 
in abeyance, a certain amount of isolated punctate sex cell necrosis was observed 
and although we are unable to state that these lesions are specific, they never- 
theless are undoubtedly related to the vaccinia or to the generalized intoxication 
accompanying the disease. In the summary showing percentage incidence of 
lesions in various organs, these minor testicular findings have been regarded as 
non-specific and are therefore not included. Slight sex cell necrosis has been 
encountered in controls. 

Lungs: In the lung the vaccinal lesions may readily be confused with those of 
rabbit pneumonia. They differ from the common pneumonic lesion in several 
respects; they are more sharply focal; they are not primarily associated with 
bronchi but rather nith vessels. They occur as a pronounced inflammatory, 
necrosing process in the vessel wall, with edema, thick perivascular deposition, 
invasion of the vessel waU by polj'morphonuclear leukocj’tes, greatly fragmented 
and largely necrotic. From the vessel the lesion spreads to the neighboring 
alveoli but is apparently slow in giving rise to exudates within the bronchi. The 
nature of the process is shown in Figure 9. Occasional localized pleural and 
subpleural lesions of the same type c-xist. The U-pical lung lesions have been but 
rarely encountered. In one animal an almost tubercle-like, sharply focal necros- 
ing lesion was found, a necrosis with practically no reaction on the part of inflam- 
matory cells and with no involvement of the bronchi. Trachea and esophagus 
have been uniformly negative. 

Spleen: The splenic lesions do not partake of the pustular character of the 
tjqiical vaccinal foci encountered in the lungs, liver, adrenal, ovaiy, testis, nor 
the dermal pocks. The most striking thing about the spleens is the vcr>' marked 
IjTnphocytic exhaustion. The Malphigian bodies arc scanty and small; the pulp 
lymphocytes arc reduced in number; occasionally germinal centers arc seen without 
any surrounding zone of small lymphocj-tes. There may be necrosis of splenic 

capillaries with thick perivascular fibrin deposits (Fig. 7) . Isolated cell necrosis, 

of lymphocytes, polymorphonuclear leukocytes, and large phagocj-tic cells mav 
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be found. Hemorrhage is common. Where necrosis has been present the splenic 
lesions have been classified as vaccinal; in spleens where the only feature has been 
the pronounced lymphocyte e.xliaustion the lesion has been regarded as accessory 
only. Numerous sub-inoculations with spleen might be required before these 
doubtful points could be decided. Ljrniph nodes contain lesions similar to those 
of the spleen and have been similarly regarded. Fig. 8 indicates the e.xtensive 
necroses which may be encountered in the lymph nodes. 

Bone Marrow: We have studied but one bone marrow. This marrow showed 
an e.xtensive necrosing vaccinal osteomyelitis with destruction of all marrow 
elements. Very little reaction was present in comparison with the intensity of 
the necrosis. The reacting polymorphonuclear leukocytes were greatly frag- 
mented. 

Kidney: No specihe lesions have been encountered in the kidneys e.xamined. 
Nevertheless acute degenerative changes in the convoluted tubules and collecting 
tubules are very common. These changes consist in swelling, albuminous degen- 
eration, the presence of tubule casts, and in one instance a rather puzzling lesion, 
provisionally interpreted as an infarct, but nevertheless a peculiar one, for instead 
of a sharp zone of necrosis with surrounding reaction, the necrosis was poorly 
outlined and isolated necrotic tubules e.xtended in fan-like processes far outward 
from the zone of major necrosis into the surrounding region of normal tubules. 
Leukocytic reaction was conspicuous by its absence. It is therefore possible that 
this lesion was specific. 

Percentage Incidence of Visceral Lesions 

In rabbits bearing enhanced skin lesions the percentage incidence 
of visceral lesions is summarized in Table I. 

TABLE I 


Specific Necrotic Lesions in Rabbits with enhanced skin lesions 


Organ 

Number 

Examined 

Number 
with Specific 
Lesions 

Percentage 

Ovary 

4 

3 

75.0 

Suprarenal 

11 

8 

72.7 

Lymph Nodes (Vicinity of Lesion) 

11 

6 

54.5 



13 

7 

53.8 

Spleen 

15 

6 

40.0 

Lung 

21 

4 

19.4 

Bone Marrow 

1 

1 

100.0 

Kidney 

IS 

1* 

6.6 

Brain 

8 

b 

0.0 




* Doubtful. 
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Accessory lesions in rabbits with enhanced skin lesions have been 
found in 10 cases in the spleen (66 percent), (lymphatic depletion), 
in 13 cases in the lung (60 percent), and in 9 cases in the kidney (60 
percent) . It must be added that both specific and accessory lesions 
were present in practically 100 percent of rabbits dying of vaccinal 
infection. The lowering of this percentage is due to the introduction 
of figures from rabbits purposely killed, some of them while in a good 
general condition. 

The results in animals injected intravenously, intratesticularly or 
into the liver are summarized in Table II. 


TABLE n 

Specific Necrotic Lesions in Rabbits Injected into Liver, Testis, and Brain 


Organ 

Number 

Examined 

Number ■ 

with Specific 1 
Lesions 

Percentage 

Ovarv 

1 

1 

100.0 

Liver 

7 

3 

42.9 



i 10 

4 

40.0 

Suprarenal 

8 

2 

25.0 

Spleen 

i 

8 

2t 

0 

25.0 

Luhe 

9 

0.0 

Kidney 

10 

0 

0.0 


1 

0 

0.0 



* In the case of intratesticular inoculation, the lesions of the opposite testicle 
only have been taken into consideration, 
t One doubtful. 


Accessory lesions in these rabbits have been found in 6 cases in the 
lung (66 percent), 6 cases in the kidney (60 percent), and 5 cases in the 
spleen (63 percent), (lymphocytic depletion). In two rabbits in- 
jected into the brain and d 3 dng 3 days later, vcrj' wide-spread accessory 
lesions were found in the kidney and also in the intestine.* 

In a total of nine rabbits, of which 5 were injected intravenously 
and killed after 4, 6, 7 and 9 days, in two animals djdng with enhanced 
skin lesions and in two others djnng 6 days after intratesticular injec- 
tion, the organs were tested for the presence of the virus by applying 

* The lymph nodes were never c.\amincd as there was no gross indication of 
any lesion whatsoever. 
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the various organs to the scarified sidn of normal rabbits. That virus 
could be recovered from internal organs is shown in Table III. 


Organ 


Ovary 

Kidney 

Testicle 

Suprarenal 

Liver 

Lung 

Spleen 

Blood 

* Very weak eruption. 


TABLE III 

Recovery of the Virus 


Number 

Examined 

Number from 
which Virus 
Recovered 

Percentage 

1 

1 

100.0 

9 

5 

55.6 

8 

4 

50.0 

9 

4 

44.5 

9 

4 

44.5 

9 

3 

33.3 

7 

2 

28.9 

9 

1 * * 

12.2 


The histological examination of the same fragment of the organ 
which was tested for its virus content was in general agreement with 
the result of the inoculation. Nevertheless, there were some discrep- 
ancies, for virus was recovered from lung and spleen in three cases, 
where no lesions, specific or accessory, were found, and in three other 
instances lesions in liver, kidney and suprarenal were found, whereas 
no virus was recovered. Either the inhibitory effect of the organ or the 
possible antibody content may explain the apparent discrepancy. In 
three of the rabbits of injected intravenously, the neuro virus was 
inoculated after mixing with 2.0 cc. of rabbit testicle extract prepared 
as described in a previous paper (1). A very careful study of the 
organs of these rabbits from both the histological and the virus con- 
tent point of view did not show more infection than in animals injected 
with the virus alone. Testicle extract therefore does not appear to 
enhance the action of intravenously injected virus. 

DISCUSSION 

It would be quite apparent that any statements as to organ suscepti- 
bility to vaccine virus must take several factors into consideration. 
If we test for the virus content of an organ by applying the organ to 
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the scarified sT^in of a normal rabbit we obtain a certain result. How- 
ever we may be in error since the enhancing or inhibiting action of 
various normal organ extracts is so marked that these activities may 
be of more importance in influencing the take in the normal animal 
than is the actual virus content of the tested organ. Again in all 
probability when testing an organ for virus content we are inociflating 
a mixture of virus plus antibody; the antibody content may not be 
the same in aU organs; the rate of antibody formation is perhaps quite 
different. Were one to separate by cataphoresis methods the wrus 
from the antibody in the various organs, then quite a different organ 
virus content might be ascertained. However that may be, the 
simple application of the suspected organ to the scarified skin of the 
normal rabbit may give one index of so-called organ susceptibility. 
Were it possible to show that the enhancing or inhibiting effects of 
different organs are paralleled by the multiplication or suppression 
of virus within the living cells of these organs then one might adopt 
quite a different standard of organ susceptibility. Finally, the 
presence of specific histological lesions in different organs would seem 
to offer stiU a third criterion for estimating specific organ affinities. 

Our charts as well as the results of Douglas, Smith, and Price 
demonstrate that nowhere does vaccine virus exhibit any clear-cut, 
selective affinity for organ groups of similar embryological origin. 
Every organ reacts to vaccine virus in its own peculiar manner. 
An organ may appear insusceptible so far as the actual presence of 
specific histological lesions is concerned, and yet, extracts of it en- 
hance the action of vaccine virus when mixed therewith in vitro and 
injected into the skin of a normal rabbit; another organ may 
manifest specific vaccinal lesions, yet, in vitro, a similar normal 
organ may inhibit the action of the wrus; an organ may contain 
virus but c.xhibit no histological lesion or may present a specific 
histological lesion but prove negative on sub-inoculation. Of all 
organs studied the testis alone jdelds a high percentage of specific 
lesions, gives a high percentage of takes on sub-inoculation, and has a 
marked enhancing action when its extract is mixed with vaccine 
virus and inoculated into the skin of normal rabbits. It is by far 
the most active of the organs we have tested. 
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SUMMARY 

Rabbits bearing very intensive skin lesions resulting from the 
intracutaneous injection of neurovirus plus testicular extract show 
typical liistological alterations in the gonads, suprarenals, liver, 
spleen, lung, lymph nodes, and bone marrow. 

Similar but less wide-spread alterations arc found after intravenous 
injection of neuro virus. 

Although testicle extract injected intracutaneously with neurovirus 
has a marked enhancing action upon the activity of the latter, the 
same mixture injected intravenously jdelds no sign of any such en- 
hancement. 

The significance of these observations as regards the question of the 
ectodermotropism of vaccine virus is discussed, and the doctrine of 
specific organ affinities is considered. 
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EXPLANATION OF PLATES 

Plate 16 

Fig. 1. Liver. Zenker; phloxine-methylene blue. Focal hyaline liver cell 
degeneration. X 200. 

Fig. 2. Suprarenal. Similar fiocation, staining and magnification. Specific 
necrosing, hemorrhagic lesion. 

Fig. 3. Suprarenal. Similar fixation and staining. X 53. Multiple specific, 
abscess-like, vaccinal lesions. 

Plate 17 

Fig. 4. Ovary. Zenker; Giemsa. Hemorrhagic, necrosing lesion involving 
Graafian follicle and theca. X 110. 

Fig. 5. Suprarenal. Zenker; Giemsa. Early necrosing lesion shois-ing four 
mitotic figures as evidence of stimulation. X 220. 

Fig. 6. Ovary. Zenker; Giemsa. Probable Guamieri bodies. X 440. 

Plate 18 

Fig. 7. Spleen. Zenker; phloxine-methylene blue. Diffuse fibrin deposit 
about vessels; marked diminution in l>Tnphoc>'tes. X 110. 

Fig. 8. Lymph node. Zenker; eosin-mcthylenc blue. Diffuse necrosing 
lesion. Node taken from drainage area of an enhanced skin lesion. X 53. 

Fig. 9. Lung. Zenker; phlo.rine-mcthylene blue. Vascular and perivascular 
lesion interpreted as specific. X 200. 
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XV. Eitect oe Immune Serum on the Course oe Bartonella 

BACILLIFOEinS INFECTION IN MaCACUS RHESUS 

Bv HTDEYO NOGUCHI, M.D., HENRY R. MULLER, M.D., EVELYN B. 

TILDEN, Ph.D., akd JOSEPH R. TYLER 

(From the Laboratories of The Rockefeller Institute for Medical Research) 
Plates 19 akd 20 

(Received for publication, June 14, 1929) 

Very early in the course of the work on Carrion’s disease, experi- 
ments were begun (Noguchi) to test the effect of an immune serum, 
prepared in rabbits, or obtained from recovered monkeys, on the 
course of experimental infection with Barlonella bacilliformis in 
Macacus rhesus. While these early results were not altogether promis- 
ing, owing probably to the use of small doses of immune serum, 
there was some indication that the introduction of the serum simul- 
taneously with the infective material inhibited the development of 
the infection, at least, temporarily (Table 1), the controls showing 
skin lesions and positive blood culture earlier than the treated animals. 

Recently, studies were rmdertaken to determine the effects of 
larger doses (20 cc.) of convalescent serum given 24 hours before 
intradermal and intravenous inoculation of a highly virulent strain 
of Bartonella hacilUformis isolated from phlebotomi.' This procedure 
was found to have a marked inhibitory effect (Table 2). WTiile the 
control animal developed severe skin lesions within 2 weeks, and its 
blood yielded cultures of Bartonella bacilliformis in a dilution of 
1 : 10,000 after periods of 10 and 17 days, the treated animals remained 
free from lesions for 25 days, and cultures of the blood were sterile. 
However, in two of the three treated animals, tj-pical nodules eventu- 
ally developed (after 25 days) at one or more sites of intradermal 
inoculation, and after 26 days the blood of one animal j-ieldcd cultures 
in a litre of 1:100. The third treated animal escaped infection. 

» Noguchi, H., Shannon, R. C., Tildcn, E. B., and Tvler, J. R., J. Exper. Med 
1929, 49, 993. 
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Control, no S^imc Definite nod- — 9 days 

scrum ule3 21days. +1:100 

Reached 0.S 23 days 
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Apparently the microorganisms had, in the two instances, remained 
dormant at the sites where they were intradermally introduced until 
the lapse of the period of passive immunity. This conclusion has 
been confirmed, by another experiment, as likewise the view that 
blood invasion was inhibited. 

Four animals received an injection 24 hours before inoculation of 20 cc. of 
convalescent serum, another injection of the same amount 11 days after inocula- 
tion, and tvfo subsequent injections of 4 cc. and 5 cc., respectively, 15 days and 
26 days after inoculation. The control animals developed definite nodules in 11 
days, which progressed rapidly and had reached very large size 12 days later. 
At this time the treated animals were still free from any lesions, and the blood was 
sterile. These conditions were maintained for a period of 38 days after inoculation 
(13 days after the last serum injection) . At the end of this period, although blood 
cultures were still negative, definite nodules appeared at the sites of intradermal 
inoculation in 3 of the 4 monkeys; in the fourth animal nodules appeared 5 days 
later. The development of the lesions thereafter followed the usual course of 
experimental verruga, but Bartonella baciUiformis was recovered from the blood 
of the treated animals only in one animal (S-4) and then only once, 61 days 
after inoculation. 

The experiment is recorded in detail in Table 3. It will be noted 
that the material used for inoculation was varied. Each monkey was 
injected intradermally at 3 or 4 sites on one side of the abdomen with 
a suspension of nodular tissue from a monkey infected nith PWebo- 
tomus Strain 1 of Bartonella bacillifortnis, and each received similar 
inoculations on the other side with cultures of Phlebotomus Strain 3 
or Strain 4. I\Tiile the control animal for the nodule suspension 
responded in the usual way, only one of the 3 treated animals reacted 
to this material, though all showed the delayed reaction to the culture 
inoculations. But for the precaution taken to use varied material, 
the cultures in this instance pro\dng to be of the maximum virulence, 
the results might have been interpreted as indicating that 3 of the 4 
scrum-treated animals were completely protected against infection. 
Tire one monkey which showed a delayed reaction (58 days) to the 
inoculation of the moderately xirulent nodule suspension was cxadcntl}' 
the most susceptible animal of the four, since it was the only one 
which was not completely protected against invasion of the blood by 
Bartonella bacillifortnis 

The results recorded in Tables 2 and 3 indicate that while the 
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Cultures Phleh. Sir. 4 Very slight induration 39 days 

3 sites intradermally Mature in 66 “ 

Recovery complete in 83 “ 

1 by scarification _ 
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convalescent serum was not potent enough to protect completely 
against the inoculation of highly virulent cultures, it had a marked 
inhibitory action, as shown by the long delay in the development of 
the lesions, and that only occasionally did it fail to prevent invasion 
of the blood by the Bartonella. 

The effect of large doses of convalescent rhesus serum given after 
local lesions had started to develop following the inoculation of cul- 
tures, was tested as follows: 

In two rhesus monkeys, S-8 and S-9, treatment with convalescent serum was 
started 5 days after intradermal inoculation with a virulent strain of Barlondla 
bacilliformis, that is, when definite nodules had appeared, and when blood oilture 
in both animals w'as positive in a dilution of 1:10. The serum was given in- 
travenously in a dose of 20 cc. Notwithstanding the treatment, the nodules 
progressed rapidly, but 8 days later blood cultures were negative. At this time a 
second intravenous injection of 20 cc. of convalescent serum was given to each 
animal. Blood cultures continued negative throughout the remaining course of 
disease, but the local lesions progressed, and each animal was given another 
intravenous injection of 10 cc. of the immime serum on the 17th day. There 
was no perceptible effect of the serum treatment on the growth of the nodules, 
which matured about the 36th day after inoculation. Recovery was complete 
on the 67th day. At no test after serum was given were positive blood cultures 
obtained. 

This experiment, recorded in detail in Table 4, shows that con- 
valescent serum, given after the development of the nodules, sterilized 
the blood stream but had no effect on the nodule formation. 

STJinURY 

Experiments are reported on the effect upon the course of experi- 
mental verruga peruana in Macacus rhesus of the injection of (1) 
small quantities of rabbit immune scrum simultaneously with living 
cultures, (2) one large dose of convalescent monkey serum 24 hours 
prior to inoculation, (3) a similar preliminary’ dose followed by 
three subsequent injections of the scrum, (4) three large doses of 
convalescent scrum, following the inoculation. Tlie convalescent 
scrum was found (I) to prc%'cnt the multiplication of BarloucUa 
bacUUformis in the blood in most instances, and (2) to delay the 
development of the skin lesions for considerable periods, when 
given before inoculation. When the serum treatment was not begun 
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until after the appearance of tlie skin lesions, it had no effect on the 
progress of the nodules, although the blood became free from Barlo- 
nella haciUiJonms. 

Since the severe effects of verruga peruana (Carrion’s disease) are 
believed to be due to the multiplication of Bartonella bacillifonnis 
witliin the blood, the injection of convalescent scrum in cases of 
Carrion’s disease in man would appear to offer promise. 

EXPLANATION OF PLATES 
Plate 19 

Figs. 1 and 2. Two of the control animals, S-7 and S-S, 24 da)-s after 
inoculation. 

Figs. 3 and 4. Treated animals, S-1 and S-2, 24 days after inoculation. Com- 
pare with Figs. 1 and 2. 

Figs. 5 and 6. Treated animals, S-1 and S-2, 54 days after inoculation, when the 
lesions were comparable with those of the controls at 24 da>’s (Figs. 1 and 2). 

Plate 20 

Figs. 7 and 8. Treated animal, S-5, 24 and 54 days after inoculation, 
respectively. 

Figs. 9 and 10. Treated animal S-4, 66 days and 100 days after inoculation, 
respectively. At 66 days the lesions had just become definite. 

Figs. 11 and 12. Rhesus S-8 and S-9 (treatment begun after development of 
the lesions), 22 days after treatment was begun. 
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A PARALYTIC DISEASE OF GUINEA PIGS DUE TO THE 
TUBERCLE BACILLUS 

By RICHARD E. SHOPE, M.D., antj PAUL A. LEWIS, SI.D. 

f 

{Prom, the Department of Animal Pathology of The Rockefeller Institute for Medical 
Research, Princeton, N. J.) 

(Received for publication. May 23, 1929) 

In a recent investigation in which a large number of tuberculous 
guinea pigs were under observation, a relatively high percentage of 
the animals became paralyzed early in the disease. These animals 
had each received subcutaneously 0.1 mg. of a cultureof tubercle bacilli 
designated P. J. Out of 285 animals in the group between 30 and 40 
manifested the paralysis. It had been noted previously among our 
tuberculous guinea pigs, but the cases had been so infrequent and 
scattered as not to attract serious consideration. In this particular 
experiment the disease complex made its appearance abruptly when 
the animals had been infected 2 months and, after new cases had de- 
veloped for a period of about 10 days, it disappeared equally as ab- 
ruptly. In considering the nature of the condition the most ob\’ious 
possibility seemed to be that w'e were dealing with a tuberculous men- 
ingitis. The symptoms observed in our guinea pigs bore a close re- 
semblance to those of experimental tuberculous meningitis of rabbits 
as described by Austrian (1), Kasahara (2) and Soper and Dworski 
(3) and of dogs as described by Manwaring (4). However, the oc- 
currence of the malady in such a high proportion of animals, together 
with its abrupt onset and disappearance, made it seem essential to 
determine whether we were not dealing perhaps ■with some superim- 
posed infectious disease of the central nerv’ous system. Conceivably 
tubercle bacilli might be present and yet not be the essential cause of 
the paral>lic condition. Because of this possibility it seemed ad- 
\'isablc to maintain the paraljlic disease for stud}- by serial passage in 
guinea pigs. This was successfully accomplished by the intracerebral 
injection of emulsions of brain from animals showing the paralysis. 
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EXPERIMENTAL 

There were three evident possibilities to consider in connection with 
the paralytic disease besides llie tubercle bacillus. The first was 
infection with the filterable virus causing Roemcr’s (5) guinea pig 
paralysis; for the disease Ave were studying e.xhibitcd many points 
of similarity with that malady. A second possibility was that the 
animals had been infected with a low grade herpes virus at the time of 
inoculation, since the culture of tubercle bacilli used in this infection 
had been but quite recently isolated from human sputum. Third, 
the condition might have been an infection of the central nervous S 3 's- 
tem by some visible organism other than the tubercle bacillus. The 
investigation was conducted with due reference to the points thus 
brought up. 

The general plan followed in passing the paralytic condition from one animal to 
another was to remove tlie brain, under aseptic precautions, from a paralyzed 
guinea pig and after preparing an approximately 10 per cent emulsion of it in 
physiological salt solution to inject 0.1 cc. of the emulsion intracerebrally into a 
trephined normal animal.* The disease was maintained in this way tlirough 9 
successive groups of guinea pigs; and the clinical picture remained in all es- 
sential details tlie same throughout. The time elapsing between inoculation 
and the appearance of the first symptoms of illness varied from 8 to 27 days; 
and the tendenc}'' was for this period to shorten with each successive passage. The 
incubation period was remarlmbly constant for the animals of each passage group, 
however. 

The disease as observed in guinea pigs infected experimentally was very uniform 
in its manifestations. For a period of 12 to 24 hours following the inoculation the 
animals appeared somewhat listless and disturbed, doubtless because of the pro- 
cedure to which they had been submitted. Thereafter tliroughout the incuba- 
tion period they remained bright, active and normal. The first sjmiptoms 
noticed were a recurrence ot listlessness and some roughening of tlie fur. The 
animal sat quietly in its cage when not disturbed. There was usually some 
faulty coordination and the guinea pig had difficulty in getting to its feet when 
placed suddenly on the back. Verj' soon the incoordination became more marked. 
It was usually most noticeable in the hind quarters. Otlier symptoms referable to 
the central nervous system that were ver}’’ frequently seen at this time were hyper- 
esthesia, a tendency' to move in circles, marked tremor, especially of tlie head, and 
a tendency to torticollis. A few animals showed a marked nystagmus. As a rule, 
the daj'^ following the onset of these symptoms a. definite weakness of the hind quar- 
ters was evident, and there was often loss of sphincter control of both bladder and 


* Ether anesthesia was practiced for all intracerebral inoculations. 
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rectum. This was followed verj’' soon by a definite posterior paralysis, spastic at 
first and later flaccid. Ver 3 ' occasionall 3 ’^ a paralj'sis of one or both fore legs pre- 
ceded the posterior paralysis, and again, rarelj', the condition resembled hemi- 
plegia more than paraplegia. Following the earl 3 " period of listlessness the animal 
appeared bright, and alert even when there was a complete posterior paratysis. 
One received the impression that the s 3 'stemic reaction to the infection was ver 3 ’ 
slight. Fig. 1 clearl 3 ' illustrates the animals’ state. As a rule, after 3 to 4 da 3 'S 
of paralysis, its general condition suddenl 3 ' became worse, it lost consciousness, 
the fur roughened, and, usually within 24 hours, death ensued. In 23 guinea 
pigs the disease was allowed to progress to a fatal termination and the average 
survival of these following the onset of the S3"mptoms was 5.7 da3’S, the e.Ktremes 
being 1 and 11 da 3 's. We had 6 animals die ver 3 ' suddenly, at the termination of 



Fig. 1. Guinea Pig Y of the 7th serial passage showing complete posterior 
paral 3 ’sis. 

what corresponded to the incubation period in other animals of the same inocula- 
tion group, without having shown an 3 ' sxmptoms whatsoever. Xo animal in our 
scries that was inoculated with a fresh brain emulsion from cither a ‘’spontaneous” 
or c.\pcrimcntal case was immune to infection. In animals living longer than 5 
days after onset of the paralysis much loss of weight occurred. It tool: place, 
however, to some extent, in all of the animals, beginning late in the j)criod of 
incubation. In a few, the onset of sx-mploms referable to the centr.al nervous 
system was preceded by a vera- evident loss of weight. .Xt no time was there anv 
febrile reaction to the infection, although when the animal became moribund, the 
temperature occasionally became subnormal. 
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Pathology : — In animals in whicli tlic condition liad been induced by the intra- 
cerebral injection of brain emulsion from a previous case a few macroscojiic changes 
were consistently found at aulojisy. On opening the calvarium an excess of 
cerebrospinal fluid was always encountered. 'I'liis was usually slightly turl)id. 
Nothing abnormal was evident in the brain itself, nor was there anything charac- 
teristic along the needle track. Rarely the meninges were adherent to the skull 
at the trephine region. They were usually somewhat thickened over the area of 
the mid-brain, pons and medulla at the base of the skull. ICxamination of the 
cord revealed no gross lesions. 

Outside the central nervous system the only evidence of pathological altera- 
tion was found in the spleen. 'Phis was usually somewhat larger than normal and 
was studded with hyperplastic follicles. 

Microscopic examination of jraraflin sections of brain stained by the usual 
methods showed a great abundance of acid-fast bacilli in the thickened pia mater 
but none elsewhere. The condition was found to be a true meningitis with some 
extension into the encephalon along the lines of the larger blood vessels but else- 
where the encephalon was singularly free from infiltration or other lesions. The 
pia mater, especially at the base of the brain, was dcrmitcly, but not extremely, 
thickened. The exudate consisted of mononuclear cells, some of them lympho- 
cytes, but large mononuclears chiefly. Necroses were lacking and giant cells and 
definite tubercle formation were not seen. 

Bacteriology . — The brain emulsions as prepared for inoculation were examined 
for tubercle bacilli and other organisms. In the first of these emulsions to be 
studied tubercle bacilli were easily demonstrated by the Gabbet method, but 
in the material similarly prepared from later passages this was no longer possible. 
Many of the examinations were casual but some were prolonged and thorough. 

Cultures of these brain emulsions were made on various media. No growth was 
obtained in any case on plain or blood agar. On Dorset’s egg medium growth of 
typical tubercle bacilli was quite regularly obtained and these even from speci- 
mens in which no tubercle bacilli had been demonstrable in stained smear prepara- 
tions. Cultures of brain emulsion in a modified Noguchi Leptospira medium 
(guinea pig serum was substituted for rabbit serum) showed an opalescent clouding 
of the upper portion of the medium after incubation at 37.5°C. for 10 days to 2 
weeks. Later a granular sediment appeared. The upper growth was found on 
examination to be a pleomorphic Gram negative bacillus. It was non-acid fast 
by the ordinary Ziehl-Neelsen technique, but when decolorized after the method 
of Gabbet showed some acid-fast forms. The granular sediment was entirely 
non-acid-fast. Such cultures were recovered from nine different guinea pigs, 
all that were so cultured. After 3 passages on media, guinea pigs were inoculated 
intracerebrally, some with the upper, diffuse growth and others with the sediment- 
arj^ growth from one of these cultures. All developed the typical posterior paraly- 
sis with its accompanying sxmiptoms. Animals inoculated subculancoush' with 
the upper portion of the culture developed within 4 da 3 's nodules the size of a 
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split pea at the site of inoculation. This was followed very soon by the appear- 
ance of large, shotty , inguinal lymph nodes. The nodules at the site of inoculation 
were discharging a cheesy pus within 2 weeks, and numerous organisms similar to 
those that had been grown in Noguchi media were found in this caseous material. 
Autopsy of these animals 2 months later revealed the presence of lesions t 3 'pically 
encountered in guinea pig tuberculosis. The organism isolated and cultured in 
Noguchi medium was obviously a tubercle bacillus despite its atypical staining 
reactions. 

Susceptibility of Rabbits . — Recourse was had to inoculations into 
rabbits in order to determine whether we were dealing with a mild 
form of herpes encephalitis, or with Roemer’s virus which is described 
as specific for guinea pigs. Two rabbits were inoculated intracere- 
brally viath brain emulsion from guinea pigs of the 3rd and 7th experi- 
mental serial passages. The animals developed a typical posterior 
paralysis with loss of bladder and rectal sphincter control, after incu- 
bation periods of 25 and 39 days respectively. There was nothing in 
their disease to suggest herpes encephalitis. Brain emulsions from 
these animals injected intracerebrally produced the disease in a second 
series of rabbits. 

Non-Filtrability of the Infectious Agent . — Five Berkefeld N filtrates 
of brain emulsions from experimentally infected guinea pigs have 
failed to produce the disease when injected intracerebrally into 16 
guinea pigs and 1 rabbit. Three of these filtrates were prepared by 
merely grinding the brain with sterile sand and salt solution in a mor- 
tar and then filtering; one was prepared by grinding in the same way, 
centrifuging the material, and passing it through cotton and paper 
before filtration; and in one, after the grinding, the preparation was 
shaken for half an hour mth sand and glass beads and filtered first 
through cotton and paper and then through a Berkefeld N filter. 

DISCUSSION AND SUMILVRY 

The experimental data collected during this study of a transmissible 
ty^pe of paralysis developing in tuberculous guinea pigs indicate the 
condition to be a true tuberculous meningitis. We have been able to 
nile out the possibility that it is due to a non-tuberculous infection of 
the central nervous system caused by Rocmer’s \-irus, or by an atypi- 
cal herpes virus, or by some bacterium other than the tubercle b.acil- 
lus. Roemer's virus and herpes could be eliminated from considcra- 
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tion when Bcrkcfcld N filtrates of infectious brain emulsions proved 
incapable of reproducing the disease. Furthermore, rabbits could be 
infected as they cannot with Roomer’s virus, and the disease elicited 
in rabbits bears no semblance to herpes encephalitis. No organism 
other than the tubercle bacillus could be obtained on culturing brain or 
brain emulsions from experimental cases, and no others were seen in 
examining fresh smear preparations from the central nerv'ous system. 
In a modified Noguchi medium a tubercle bacillus possessing atj'pical 
staining properties was obtained. This organism was capable of pro- 
ducing the typical paralytic disease when injected intracerebrally 
into guinea pigs, and also generalized tuberculosis in animals inocu- 
lated subcutaneously with it. 

Typical tubercle bacilli were readily demonstrable in sections of 
the meninges from animals with the disease, and culture of pieces of 
brain on Dorset’s egg medium usually jnelded a growth of tubercle 
bacilli. Only in the first of the experimental passages, on the other 
hand, was it possible to demonstrate acid-fast organisms in fresh smear 
preparations from the central nenmus system. This fact and the 
attributes of the atypicRlly staining organisms encountered in the cul- 
tures in Noguchi media will be considered more fully in a subsequent 
publication. 

In view of the much discussed question of the filtrability of the 
tubercle bacillus our observations concerning the failure of this or- 
ganism to pass a Berkefeld N filter are of interest. No animal in our 
series inoculated intracerebrally with brain emulsion from either a 
“spontaneous” or e.\perimental case of tuberculous meningitis failed 
to develop meningitis, and that rather acutely, while no animal in our 
series injected with a Berkefeld filtrate of brain emulsion has developed 
tuberculous meningitis or any other form of tuberculosis. In connec- 
tion with this observation it must be recalled that the organism was 
atypical in respect to its staining qualities at least. 
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THE CULTURAL AND STAINING REACTIONS OF A STRAIN 
OF THE TUBERCLE BACILLUS PRODUCING PARALYSIS 
IN GUINEA PIGS 

By PAUL A. LETOS, M.D., and RICHARD E. SHOPE, M.D. 

{From the Department of Animal Pathology of The Rockefeller Ifistitute for Medical 
Research, Prhiceton, N. J.) 

(Received for publication, June 3, 1929) 

In a preceding paper by Shope and Lewis (1) account is given of a 
transmissible paralytic condition arising in tuberculous guinea pigs. 
It was believed possible that it had resulted from secondary infection 
with some neurotropic “virus.” The methods of study adopted were 
designed primarily to establish or discredit this conception. The 
departures from the conventional technique so long rigidly adhered to 
by students of the tuberculosis problem have given rise to une-vpected 
and significant results, one aspect of which it is the purpose of this 
paper to develop. 


OBSERVATIONAL 

The culture of the tubercle bacillus with which we are here concerned (Desig- 
nated P. J.) was isolated in the summer of 1927 from the sputum of a colored adult 
male with chronic pulmonarv' tuberculosis, in the tuberculosis wards of the Phila- 
delphia General Hospital, Philadelphia, Pa. The sputum showed many add-fast 
bacilli when stained by Gabbet’s method. Some of it about 24 hours old was 
injected subcutaneously into a number of guinea pigs, and these developed general- 
ized tuberculosis in the t>'pical manner. Four to sbc weel:s after inoculation 
cultures were made on Dorset’s egg medium from the spleens of several of these 
animals. No contaminations were encountered. The cultures developed rap- 
idly and vigorously for the most part. After six weeks growth a representative 
tube was selected and transfers were made to Dorset’s egg medium, .^.ftcr 
another eight wcela the second series of tubes were used for the inoculation of the 
large series of guinea pigs referred to in a preceding paper (1). The disc.asc 
de\'doped characteristically in them, except for the unusual occurrence of paralysis 
in some of the animals. The general virulence of the culture as estimated by the 
average length of life of the large scries of animals was neither especially high nor 
low. 

The culture P. J. h.is been mainLiincd by rather infrequent transfers on Dorset'? 
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egg medium and presents typical appearances thereon. The culture is acid-fast 
except that after decoloriaation by 30 per cent nitric acid followed by alcohol, 
counterstaining with Locfller's methylene showed a few blue staining rods. It has 
not up to now been completely tested in all rc.spects but there seems to be no 
reason to question the fact that the strain is a tubercle bacillus of human type. 

\\Ticn cases of paralysis appeared among the guine.a pigs inoculated with the 
culture a successful effort was made to transfer the paralytic condition to other 
guinea pigs by direct intracerebral inoculation with brain emulsion from a ease of 
the disease. This scries of inoculations, from guinea pig to guinea pig by the 
intracerebral route, lias been continued up to the present time. In the first 
emulsions made of brain and cord tubercle bacilli were easily demonstrated by 
tlie Gabbet method. But in the material similarly prepared from later passages 
this was no longer possible. !Many of these c.vaminations were casual but some 
were prolonged and thorough. Paraffin sections stained by the usual methods 
showed a great abundance of acid-fast bacilli in the thickened pia mater but none 
elsewhere. 

Cultures of brain emulsions were made on various media and on Dorset’s egg 
medium a typical growth of tubercle bacilli could usually be obtained. Those 
cultures of interest to the present discussion were made on a medium that is a 
variant of the one recommended by Noguchi for the cultivation of Leptospira. 
Ordinarj' nutrient dextrose agar was diluted 1 -f 8 with distilled water, the diluted 
agar was boiled, cooled to 50°C., and 10 per cent of sterile guinea pig serum was 
added. Thorough mixture was effected at this temperature and the medium 
tubed in long narrow culture tubes (200 x- 13 mm.). Portions of various of the 
emulsions of the nervous tissues were planted in tliese tubes, using a long capillary 
pipette in such a way as to form a thin streak from the bottom of the tube to the 
top along one side near the glass, with a small extra deposit on the upper surface 
of the semisolid medium. These plants were incubated at 37.5°C. in a moist 
thermostat for several months. 

Certain of these tubes showed rapid growth of bacteria no two strains of which 
were alike and these were soon discarded. The others graduall}'^ showed the 
development of a faint cloud in the upper 10 mm. of the medium. This eventually 
became coarsely granular. It could be transferred to otlier tubes of the same 
medium and developed tlie same appearance. Exceptional tubes showed a faint 
haze toward the bottom with a clear intermediate zone. 

When coverslip or slide preparations of the growth were fixed with methyl 
alcohol and stained with LoefBer’s methylene blue, using heat to the point of 
steaming, and tlie staining process was continued for 3 to 5 minutes, rather definite, 
faintly staining, thin, small bacilli were found in increasing numbers as growth 
progressed. Stained by Gram’s method in the usual wajq employing Stirlings 
gentian violet, tlie bacilli were always Gram negative. The counterstains demon- 
strated them but faintly and it was frequently necessary to restain tlie preparation 
with LoefBer’s methylene blue as above described to be sure of the presence of the 
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bacilli in the preparation. Such cultures were recovered from nine different guinea 
pigs, — all that were so cultured. 

As stated in the preceding paper, the paralytic syndrome was 
readily reproduced by the intracerebral injection of these cultures in 
several instances. When culture material was introduced subcutane- 
ously local lesions and lesions of the adjacent lymph nodes were 
produced, and autopsy of these animals two months later revealed 
the presence of lesions typical of guinea pig tuberculosis. This made 
it appear likely that the organism grown in Noguchi medium was a 
tubercle bacillus. Otherwise it was necessary to postulate the presence 
of a microorganism capable of inducing a disease simulating tubercu- 
losis very closely. This question was now taken up directly. 

When the cultures in the semisolid medium were restudied the 
following facts were made clear: 

The bacilli however fixed and no matter how long and intensely stained with 
catbolfuchsin were always decolorized by 30 per cent nitric acid followed by 
alcohol, or by 3 per cent hydrochloric acid in 70 per cent alcohol; though it was 
indeed possible to make the staining so persistent that the background of culture 
material also retained a muddy red color after the application of add, and then 
sometimes bacilli of the same dubious color could be made out with difficulty- 
The t>'plcal bright red of the Ziehl-Neelsen stain was never seen. 

If the preparations were fixed with heat and stained by Gabbet’s method a 
considerable number of badlli retained the stain. If stained by Gabbet’s method 
after fixation ndth methyl alcohol usually none of the bacilli retained the fuchsin 
stain but sometimes a few did. A few blue-staining badlli were also usually seen. 
If the heat fixed or methyl-alcohol-fixed Gabbet stained preparations were further 
stained with Loeffler’s methylene blue many blue stained badlli were found. If 
the preparations were fixed in 4 per cent formaldehyde for 3 hours or more the 
number of badlli retaining the fuchsin stain after Gabbet’s methylene blue was 
often, but not always, greater than when fixation was by cither heat or methyl 
alcohol. 

Taking the matter from a sUghtly different standpoint: if the heat fixed prepa- 
rations were stained with carbolfudrsin in the usual manner and decolorized by 
add and alcohol sepamtely it was found that 30 per cent nitric add and 20 per 
cent sulfuric add decolorized many but not all of the badlli. The slightest 
application of alcohol, however, after these strengths of mineral add removed all 
the stain. Even though much weaker mineral adds were used— 5 per cent sulfuric,' 
3 per cent of cither nitric or hydrochloric — alcohol later removed all the stain. 

If Gram stain was employed according to the general pbn oi the Much method, 
with some modifications, the badlli retained the slain. The essentia! feature of 
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this method is that the gentian violet is phenolized (2 per cent) and the stain when 
applied is heated. The iodin treatment is also prolonged and decolorization is 
done with equal parts of acetone and absolute alcohol. Under these conditions 
all of the bacilli retain the Gram stain. Every effort to show that some were 
Gram positive, others Ziehl-Neclscn positive has failed. 

DISCUSSION 

The preceding observations present two points of considerable 
interest with regard to the tuberculosis problem. The first relates 
to the identity of the culture and the criteria on the basis of which any 
microorganism is to be identified as a true tubercle bacillus. The 
second relates to the conditions of gro^^lh of the bacillus and their 
effect on its staining reactions. 

The methods for identifying the tubercle bacillus as they now stand 
have been developed primarily in the interests of microscopic, clinical 
diagnosis. It has become a dogma in America (2) that if a bacterium 
will not, after staining with carbolfuchsin, witlistand decolorization by 
30 per cent nitric acid followed by alcohol it is not a tubercle bacillus. 
Heat fixation is always recommended for smear preparations but noth- 
ing is said as to the availability of other fi.xing methods. It is to be 
assumed however, since alcohol, formaldehyde, or chromium fixatives 
are more or less indiscriminately used for tissue work, that these are 
to be considered adequate for tlie demonstration of tubercle bacilli 
in smear preparations as well. 

In Germany a similar dogmatic attitude is taken with reference to 
the critical value of 3 per cent hydrochloric acid in 70 per cent alcohol 
(acid alcohol) (3). To qualify as a tubercle bacillus a bacterium 
must resist decolorization by this agency. Our culture meets the 
classical requirements to the extent that it produces disease in animals 
of characteristic sort, that the bacilli in the fixed tissues resist decolori- 
zation, and the cultures on Dorset’s egg medium present tjq^ical 
characteristics. 

All this being true, it is astonishing to find that the smear prepara- 
tions of the bacteria from the nervous system of the animals we have 
studied, when fixed in methyl alcohol, resist decolorization so little 
that their presence can pass unrecognized even though the weaker 
Gabbet method is employed for their demonstration, and that the 
culture in the semisolid medium 3 delds organisms at wide variance 
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with the classical requirements. We are concerned with a bacterium 
which is moderately acid-fast, not alcohol-fast at all, and in which 
the particular method of fixation influences the result in ways not 
previously recognized. We are led by these observations to the 
conclusion that Much (4), and those who have followed him, are right 
in their contention that the tubercle bacillus may at times be positive 
to Gram stain and demonstrable by means of it, yet negative to the 
Ziehl-Neelsen method rigidly applied.* The weakness of Much’s 
contention has in large measure been that the conditions under which 
such forms appear have never been accurately defined. Our observa- 
tions when pushed further may supply this deficiency. 

That the tubercle bacillus should be readily and easily grown in the 
semisolid medium of Noguchi is somewhat surprising, certainly inter- 
esting, and possibly useful. If other cultures, and cultures from other 
organs behave hke the present one, the method would be the simplest 
and most certain way to recover the organism from the infected animal. 
Whether the virulence or other qualities of the microorganism are 
affected has yet to be determined. The medium contains no glycerine 
and hence differs from the other media recommended for the cultiva- 
tion of the tubercle bacillus, with the exception of the coagulated egg 
of Dorset or its modifications from which the glycerine is sometimes 
omitted. 


CONCLUSIONS 

When a strain of human tuberculosis was carried from guinea pig to 
guinea pig by intracerebral inoculation the bacillus of tuberculosis 
could be readily recovered in the semisolid “Leptospira” medium of 
Noguchi simply modified by the substitution of guinea pig for rabbit 
serum. Whether even this modification is required remains to be 
determined. 

The tubercle bacillus in these cultures and possibly in the nervous 
tissue as well differed from the classical type in that it was less acid-fast 
and quite lacking in alcohol fastness. However, it retained the Gram 

* These obscr\’ations have no bearing whatever on the further contention of 
the same school that there is a non-bacillan- or granuhr form of the tubercle 
bacillus. Thus far, the bacillarj- form only has appeared in our animals and 
cultures. 
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Stain as modified by Much. Staining reactions, as this culture of the 
tubercle bacillus shows, arc not absolute qualities but arc variable with 
conditions, a consideration which it may be important to recognize. 
Efforts to define these conditions more precisely arc likely to be 
productive. 
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THE REMOVAL OF AGGLUTININ FROM SENSITIZED 
MOTILE BACTERIA 


Second Paper. The Agglutinative Properties of Water 

Washings 

By JOHN B. NELSON, Ph.D. 

{From the Department of Animal Pathology of The Rockefeller Institute for Medical 
Research, Princeton, N. J.) 

(Received for publication, June 22, 1929) 

Observations on the removal of agglutinin from sensitized motile 
bacteria were presented and discussed in a preceding paper.‘ Extrac- 
tion of the sensitized test organism {Bacillus aertrycke) in a 5 per cent 
sodium chloride solution at a temperature of 60°C, resulted in the re- 
moval of considerable flagellar agglutinin while the somatic agglutinin 
was practically unaffected. Brief mention was made of an anomalous 
reaction which occurred when distilled water was employed as the 
extracting or washing medium. The reaction is described in detail 
in the following experiments together with some additional observa- 
tions leading to a possible explanation. 

General Methods 

A nonnal actively motile strain of B. aertrycke (guinea pig paratj-phi, T>'pe II) 
recently isolated from the spleen of a naturally infected guinea pig was used as the 
test organism. Cultivation was carried out on moist Blake bottles, inoculated 
with a sufheient amount of young broth culture to cover the surface of the agar 
and incubated at for 18 hours. Cultivation on a drj' medium lowers the 
floccular agglutinability of the bacteria. The growth was removed with normal 
saline, transferred to a graduated centrifuge tube, and sedimented for an hour. 
The supernatant was discarded and the bacteria, still in a packed state, were 
rinsed once with s.alinc. 

The scrum was from a rabbit immunized with the above strain of B. aertrycke 
and it contained both flagellar and somatic agglutinins. For sensitization of the 
bacteria the following materials were used: 0.5 cc. of packed bacteria, O.I cc. of 
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antiserum, 2.4 cc. of saiinc. Tin's formula rIvc.s the minimum proportion of 
packed bacteria required for the nearly complete removal of flagellar agglutinin 
with the serum dilution employed. It was about twice the amount required in 
the preceding work' with a different strain of 11. acrtryckc and its homologous 
antiserum of approximately the same titer. The bacteria were resuspended and 
the mixture incubated at 37°C. for 5 hours followed by overnight refrigeration. 

The mixture was now centrifuged for 1 hour at the same speed and the super- 
natant removed. The packed .sensitized bacteria were suspended in 2.5 cc. of 
distilled water and again centrifuged for an hour. The washing process was 
continued 3 to 5 times with fresh water after each sedimentation. 

The agglutinin content of the absorbed antisenim and of the washings was 
determined by macroscopic agglutination with 0.5 cc. of antigen and 0.5 cc. of 
fluid dilutions. As a control, unabsorbed antiserum diluted and incubated 
similarly to the absorbed serum was tested in the same way. Two antigens 
designated whole and heated were used. The former was a fresh saline suspension 
of B. acrlryckc and contained both flagellar and somatic components. The latter 
was a saline suspension heated to 100°C. for 30 minutes, washed, and resuspended 
in saline. It contained only the somatic component. Both suspensions were 
standardized to 2.4 with the Gates apparatus. Incubation was carried out at 
37°C. for 3 hours followed by overnight refrigeration. 

Experiments 

The results of a typical experiment with the use of distilled water 
as the medium for the removal of agglutinin are given in Table I. 
The agglutinin titer of the absorbed antiserum mixture and of the 
several water washings is compared with that of the unabsorbed 
antiserum. If we take into account the initial dilution of the unab- 
sorbed and absorbed antiserums, the actual titers are 25 times the 
figure given. 

The unabsorbed antiserum agglutinated the \vhole antigen in high 
dilution. The type of clump was mixed, though predominantly flocu- 
lar in the lower dilutions, wliile in the higher dilutions it was purely 
floccular. It agglutinated the heated or deflagellated antigen in the 
lower dilutions only with a purely granular type of clump. While the 
limit of agglutination for the whole antigen was identical with that of 
the antiserum used in the preceding work,' the intensity of the reaction 
in the lower dilutions was less with tlie present antiserum. The limit 
of agglutination for the heated antigen was one dilution higher with 
the earlier antiserum, and the intensity of the reaction was likewuse 
more marked. The absorbed antiserum gave a slight, floccular agglu- 
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tination in very low dilution with whole antigen but no reaction with 
heated antigenen the lowest dilution possible. The single absorption 
afforded an approximately 99 per cent removal of both flagellar 
and somatic agglutinins. 


TABLE I 

Agglutmation of B. aerlrycke hy Unahsorbed Aitliserum, Absorbed Antiserum 
and the Water Washings of a Sensitized Sttspension 
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* W = whole bacteria, H = heated bacteria (lOO’C.), M = mixed agglutina 
tion, F = .floccular agglutination, G = granular agglutination. TTie same 
abbreviations are used in all the subsequent tables. 
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With the first water washing there was a slight floccular agglutina- 
tion in the presence of whole antigen only. The following washings 
reacted quite differently. '\\^ith the second washing there was a 
marked increase in both the intensitj' and the titer limit of agglutina- 
tion with the whole antigen. The t\-pe of dumping was floccular. 
In addition there was a reduced but perfectly definite agglutination 
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in the presence of heated antigen. Tlie type of clump was likewise 
floccular, with this difference that the aggregates were more loosely 
formed and became less compact upon standing than the usual floccu- 
lar clumps. The subsequent washings duplicated the reaction tliough 
on an increasing! }’• lower level. 

When the above reaction is viewed as it stands, it appears that the 
suspension of sensitized motile bacteria in a salt-free medium results in 
the removal of agglutinin which gives a floccular type of agglutination 
not only in tlie presence of bacteria with their flagella attadied but also 
in the presence of deflagellated bacteria. The occurrence of a floccular 
agglutination in the presence of deflagellated bacteria is contrary to 
the many observations whicli have been made on the agglutinative 
behavior of motile organisms. 

Repetition of the above experiment witli other strains of tlie same 
bacterial species and with another species of Salmonella {B. paratyphi, 
Type I), likewise of guinea pig origin, gave essentially similar results. 
The agglutinin titer of the second water washing fluctuated between 
1: 64 and 1:256 witli a corresponding fluctuation in the titer of the 
other washings. In some cases the second and third washings were 
of equal titer. It may be noted that the intensity of the agglutination 
reaction with the water washings was regularly less marked than that 
of the extraction fluids in the preceding work.^ 

Upon consideration of the reaction it seemed possible that the floc- 
culation which occurred in the presence of heated or deflagellated 
antigen might be due to the precipitation of material present in the 
washings. These, with the exception of the first, regularly showed a 
distinct turbidity which swirled visibly upon agitation. It was not 
due to bacteria, although the washings was never entirely free of 
bacteria. There was no sedimentation upon standing. The degree 
of turbidity tended to decrease with successive washings but a grada- 
tion was not always apparent. The stability of the washings in the 
presence of salt was determined by serial dilution with saline. 

Sensitized bacteria were washed four times with distilled water and 
a portion of each washing heated to 70°C. for 30 minutes. The 
unheated and heated washings, in a total volume of 1 cc., were diluted 
serially with saline and incubated without the addition of antigen. 
The findings with the antigen-free washings are given in Table II. 
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There was no reaction with the first unheated washing. The others 
showed a graded flocculation with the settling out of a loose fluffy 
sediment which was easily dispersed upon agitation. There was never 
any flocculation with the heated washings. In appearance and 
amount the sediment was identical with that of the washings in the 
presence of heated antigen and in appearance with that of a pure flagel- 
lar suspension in the presence of specific antiserum. The material 
present in the washings likewise resembled flagella in its thennolability. 
Centrifuged suspensions of flagella, however, unlike the water wash- 


TABLE n 

The Reaction of Unhealed and Heated Water Washings of a Sensitized 
Suspension upon Dilution “with N ormal Saline 
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ings, are nearly water dear. The presence of salt-predpitablc material 
in all the washings save the first was definitely indicated. 

The water washings alwaj’s gave a more marked agglutination, both 
as to tiler and to intensity, in the presence of whole antigen than in the 
presence of heated antigen. The reaction with the whole antigen was 
regarded as essentially a true agglutination due to flagellar aggluti- 
nin removed from the sensitized bacteria by the washing process. 
Since flagellar agglutinin is heat-stable at 70°C., at which temperature 
the washings no longer flocculate with saline alone, it was possible to 
test this assumption by heat inactivation. 
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Two series of 3 water wasliitigs from sensitized bacteria were cr 
ployed. One series was licatcd at 70°C. for 30 minutes. Tiic otlr 
was used unheated. Both were tested as usual against whole ar 
heated antigen. The reactions with the licatcd washings are given 
Table III. The unheated washings behaved c.sscntially as befo: 
(Table I) and the results arc not included. 

The heated washings agglutinated the whole bacteria with the usu 
floccular clumping which was more compact than that of the typic 
clumping with pure flagella. As to titer, there was little dilTcrcni 


TAIILE HI 

ThcAgglulinaliou of B. acrlryckc by the Heated Water Washings of a 
Sensitized Suspension 
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between the unheated and heated washings. Unlike the unheate 
washings, however, the heated ones failed to react in the presence c 
deflagellated antigen. It seems evident that tlie floccular reactio 
with whole antigen was a true agglutination due to the presence c 
flagellar agglutinin in the washings. That the water washings froi 
the sensitized bacteria, with the exception of the first, containe 
flagella in suspension was a suggestive fact. The actual presence c 
flagella, under the conditions of the experiment, was diflicult to demon 
strate. Some observations, however, on the behavior of unsensitize( 
motile bacteria are presented as contributing evidence. 

0.5 cc. amounts of B. acrtryche, in centrifuge tubes, were resuspended with 2. 
cc. of distilled water and sedimented. Because of the difficulty in getting clea 
supernatants with unsensitized bacteria tlie time was increased to 90 minutes an( 
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the speed from approximately 2,000 to 2,500 R.P.M. The bacteria were washed 
four times in this way. \\Tiile the washings were not quite water-clear they failed 
to show the characteristic turbidity of the washings from sensitized bacteria. One 
lot was diluted serially with saline in a total volume of 1.0 cc. and incubated 
without antigen for the usual length of time. The other lot was diluted serially 


TABLE rv 

The Reaction of Unheated Water Washings of Unsensitized Bacteria upon 
the Addition of Antiserum and of Normal Saline 


Test fluid 

Dilution fluid 

Test fluid dilutions 

2 

4 

s 

16 

J2 

64 

128 

1st water 

Immune serum 

++F 

+ 


db 


rt 
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washing 

Saline 
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2nd water 

Immune serum 
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washing 
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3rd water 
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Immune serum ■ 
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ifc 
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washing 

Saline 
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4th water 

Immune serum 

+ F 
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washing 

Saline 
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TABLE V 

The Agglutinability of Whole and Washed Suspensions of B. aertrycke 


AnUstn 


Serum diluUoos 



4 

8 

' 16 

32 

64 

m 

wm 

512 

1,021 

2.048 

mole 

bacteria 

++++ M 

H — 1 — 1 — 1" 

++++ 

+-1 — h 

+++ 

++ 

++ 

++ 

+ 

- 

Washed 

bacteria 

++++ M| 

++++ 

d-h-i- 

++ 

i 

+ 

rir 

trace 

trace 




with saline in a volume of 0.5 cc., and 0.5 cc. of a 1 :-?00 dilution of homologous 
antiserum added to each lot. Incubation was carried out in the same way. 
The washed unscn.sitizcd bacteria were standardized in saline and their agglutin- 
ability compared with that of unwashed whole bacteria. The same antiserum, 
usetl throughout, was employed. The observations on unsensitized bacteria 
arc presented in Tables IV and V. 
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The washings from the unsensilized bacteria failed to flocculate 
upon the addition of saline. WJien dilute antiserum was added, how- 
ever, flocculation occurred and the type of clumping was identical 
with that of the water washings from sensitized baclcria in the presence 
of saline. It was a typical flagellar agglutination. Unlike the series 
from sensitized bacteria, however, the initial washing contained floc- 
culable material. Tliat the bacteria present in these washings were too 
few in number to influence the reaction was shown by the following 
experiment. 

Sedimented whole baclcria were rinsed and resuspended in saline. The 
suspension contained onlj’’ bacteria; there were no free flagella. The suspension 
was then diluted with saline to a barely visible turbidity, A 0.5 cc. portion of 
this suspension was carried through five serial dilutions and 0.5 cc. of a 1 :400 
dilution of antiserum added to each tube. There was no agglutination in any 
dilution after the usual incubation. 

The agglutinability of the washed unsensitized bacteria was consid- 
erably less than that of unwashed bacteria. As shown in Table V, the 
titer was decreased and tlie intensity of the reaction outside the zone 
of granular agglutination was markedly less with tlie former. The 
above observations point to the removal of a certain number of 
flagella from the bacteria with each wasliing manipulation. Upon 
centrifuging, the bacteria are sedimented while the flagella remain 
free in the supernatant. With the addition of specific antiserum 
flagella and agglutinin unite and a floccular agglutination results, 

DISCUSSION 

The preceding observations have proved readily reproducible with 
the technic outlined. An interpretation linking them together and 
offering a possible explanation of the described anomaly is presented: 

The resuspension of sedimented motile bacteria in a fluid medium 
results in the mechanical removal of some of the attached flagella. 
If the bacteria are unsensitized the flagella remain in suspension after 
centrifugation, and the clear supernatant gives a typical flagellar 
agglutination upon the addition of specific antiserum. If the bacteria 
are sensitized the free flagella, which are in combination with aggluti- 
nin, clump in the presence of salt and are removed upon centrifugation. 
The initial water washing of sensitized motile bacteria contains suffi- 
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dent salt from the previous absorption mixture to cause dumping of 
the flagella. The dumped flagella are removed by sedimentation 
and consequently the supernatant is inactive, failing to flocculate upon 
the addition of saline. The subsequent water washings are salt-free 
and the freed flagella, either with attached or freed agglutinin, remain 
in suspension. The water washings of sensitized bacteria are doudy 
at this stage owing possibly to minute aggregates of flagella which are 
too small for sedimentation. 

That agglutinin in some form is removed from flagella in the salt-free 
medium seems apparent. Nothing definite can be said concerning its 
physical state Other than the fact that it is again able to unite with 
whole bacteria, causing a clear-cut agglutination in moderate dilution. 

The water washings of sensitized bacteria, at this stage, also floc- 
culate upon the addition of saline alone. The flocculation is in 
reality a flagellar agglutination which was previously inhibited by the 
absence of salt. In the presence of salt, recombination of flagella 
and agglutinin, or union of flagella already in combination with 
agglutinin, occurs, with subsequent clumping. 

It is maintained that the floccular reaction which results when the 
salt-free water washings are mixed with a saline suspension of heated 
bacteria is in reality a flagellar agglutination and is entirely indepen- 
dent of the added antigen. Flagella and flagellar agglutinin are both 
present in the salt-free washing fluids. Salt is supplied by the added 
bacterial suspension (heated) and.(flagellar agglutination results. In 
the presence of whole bacteria agglutinin maj’’ be diverted from the 
free flagella by the excess of those attached to the bacteria causing 
under such circumstances a bacterial agglutination. 

As regards the differential removal of agglutinin it may be said that 
flagellar agglutinin in a state capable of again causing flocculation 
of whole bacteria maj' be freed from sensitized motile bacteria bj' wash- 
ing witli salt-free water. With the degree of sensitization brought 
about in the work here reported somatic agglutinin, on the other 
hand, is not demonstrable in the washings. 

SUMMARY 

The salt-free water washings of a sensitized motile bacterium 
(J5. acrlrydc) were found to cause a floccular aggluUnation in the 
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presence of both whole and dcnagcllatcd antigen. Evidence was 
presented that the water wasliings when salt-free contained flagella and 
flagellar agglutinin and that clumping occurred upon the addition of 
saline. The floccular reaction in the presence of deflagellatcd bacteria 
was regarded as the agglutination of flagella present in the washings. 
In the presence of whole bacteria, however, actual bacterial aggluti- 
nation resulted. 

The writer is indebted to Dr. John H. Northrop for helpful criticism 
during the course of the work. 
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From careful experimental (I, 2, 3) and dim'cal (4) studies, it has 
become well recognized that continued loss of gastric juice may lead 
rapidly to severe or fatal dehydration and alkalosis, due to secretion 
into the stomach with subsequent loss of large amounts of water and 
chlorine ion, together with a considerably smaller, but still significant 
amount of fixed base. Theoretically the most effective method of 
relieving such changes should be the intravenous administration of 
adequate amounts of a solution of the same inorganic composition 
as gastric juice, i.e. a solution in water of HCl and NaCl in 100 mM 
and 30 mlM concentrations respectively. Practically, however, 
administration of 145 nxM or .85% NaCl (physiological salt solution) 
in sufficient quantitj' is quite effective. This is due largely to normal 
renal activity which permits e.xcretion of excess of fixed base in the 
form of BHCOj during the period after the normal fixed base level 
has been restored and while the normal Cl concentration has not yet 
been reached. The general use of salt solution in sucli cases, therefore, 
is well justified from both the theoretical and practical viewpoint. 

In certain conditions, however, which include loss of combined 
gastrointestinal secretions, as for instance intestinal obstruction or 
fistula, and severe diarrhea, dehydration may be accompanied by less 
marked alkalosis, or even by severe acidosis, due presumably to greater 
lo.=s of fixed base than fi.xcd add in the unabsorbed digestive secretions, 
together with the accumulation of sudi acids as lactic, phosphoric, 
sulfuric and occasionally kctonCj dependent upon inadequate circula- 
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tion, urinary excretion and carliohydrale metabolism. Theoretically 
the most effective method of relieving such changes should be paren- 
teral administration of adequate amounts of water, base, bicarbonate 
and chloride (together with dextrose in the case of ketosis) in the 
proportions in which they exist in the gastrointestinal secretions lost. 
Difficulties arise, however, in appljdng such treatment because our 
luiowledge as to the normal proportion of water, fixed base and fixed 
acid in the combined intestinal secretions is not as complete as in the 
case of gastric juice, and because of the difficulty of preparing sterile 
and non-irritating solutions containing sufficient amounts of all the 
substances lost. Practically, however, excellent relief of dehydration 
and acidosis has frequently been seen following the administration of 
large amounts of saline or Ringer’s solution, with or without the addi- 
tion of dextrose, the reason again being normal renal activity which 
permits, in this instance, excretion of the excess of fixed acid (Cl“) in 
combination with manufactured base (NH 4 '*') with resultant retention 
of fixed base (B+) for combination with HCO3. However, in many 
instances of severe diarrhea associated with persistent oliguria (5) as 
well as in cases of nephritis (6) Hartmann noted that the adminis- 
tration of large amounts of Ringer’s solution was not followed by 
adequate restoration of BHCO3. By follovdng closely the cliemical 
changes taking place in the blood plasma of such cases and administer- 
ing Ringer’s solution, glucose and sodium bicarbonate individually, 
as needed, he came to feel that the results obtained were distinctly 
superior to those obtained by the administration of Ringer’s solution 
and dextrose alone. 

The proper dosage of alkali given in this way, however, could only 
be ascertained with certainty by means of chemical examination of 
the blood, which was a distinct disadvantage in prolonged cases of 
diarrhea and acidosis in small infants. In addition, to be non- 
irritating enough to be given subcutaneously or intraperitoneally, 
sodium bicarbonate solution had to be sterilized by Berkefeld filtration 
and brought to approximately pH 7 . 4 bymeansof the addition of carbon 
dioxide. Such difficulties, it was felt, restricted considerably tlie use 
of alkali outside of hospital practice, even though its administration 
may have been unquestionably indicated. 

With the realization that the normal kidney has a most marked 
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ability to select for retention or excretion those substances needed 
or not needed by the body, provided a sufficient amount of water is 
available for adequate urinary volume, we felt that a solution, to be 
effective against loss of either gastric or intestinal secretions, should 
contain: (1) water in relative abundance (i.e. should be a somewhat 
hypotonic solution); (2) a sufficient source of Cl' and B+ to overcome 
the effects of the loss of gastric juice; (3) a sufficient excess of fixed base 
over fixed acid which, while being available quickly enough -without 
kidney intervention to overcome severe acidosis, would still be released 
slowly enough for excretion into the urine as BHCO3 in the presence 
of alkalosis; (4) fixed base in proper physiological ratio as regards Na, 
K and Ca; and (5) an antiketogenic substance. 

These conditions it was thought would be fulfilled by a solution of 
the following composition; 

NaCl = 95.0 mM 

KCI = 5.0 

CaCl. = 2.5 mMB-^ 

Na lactate = 25.0 mM B + 

Such a solution has a total osmolar concentration of about 240 nffil 
as compared -with the normal plasma concentration of 320. The Cl 
content approximates the normal plasma concentration, the cations 
are in the same proportions as they occur in normal plasma and sodium 
lactate besides being antiketogenic pro-sddes an excess of fixed base 
over fixed acid when the lactate ion is removed by synthesis or oxida- 
tion. From previous clinical (7) as well as e.xperimcntal (8, 9) studies, 
it would be e.xpected that base would be released more or less quantita- 
tively from combination with the lactate ion during the period of 3 
or 4 hours after entrance into the blood stream, which should provide 
sodium bicarbonate rapidly enough in case of need but also slowly 
enough for excretion in case of excess. 

Our experimental work on dogs was done (1) to gather more data 
as to the composition of normal digestive juices, (2) to study more 
thoroughly the effects of loss of such secretions and (3) to test the 
efficiency of the theoretically ideal solution mentioned above (which 
will hereafter be referred to as “combined” solution) in restoring the 
altered plasma to normal under c.xperimentally produced conditions 
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of dehydration with alkalosis or acidosis. This communication will 
be confined to a consideration of the gastric and pancreatic secretions. 

Chemical Mclhods 

In all instances blood was obtained under oil b}' puncture of the femoral artery. 

Chloride was determined bj’ the method of Van Slyke (10); bicarbonate by the 
metliod of Van Sb’kc (11); pH by the method of Hastings and Sendroy (12); 
protein by the micro-kjeldahl method (13) ; inorganic phosphonis by the method of 
Briggs (14); sulphate by the method of Dennis (15); lactic acid by the method of 
Friedemann, Cotonio and Shaffer (16); total base by the method of Stadic and 
Ross (17); glucose by the method of Shaffer and Hartmann (18); NPN by the 
method of Folin and Wu (19); urea b\' the method of Van Slyke (20) and the 
freezing point bj'^ a thermo-couple and galvanometer as described by Darrow and 
Buckman (21). The osmolar concentrations were calculated as described by 
Darrow and Hartmann (22), 


Loss of Gastric Juice 

1. Chemical changes induced by loss of gastric mice through 

repeated lavage 

Experiment No. 1. Dog ^ 2 

In order to effect loss of gastric juice as simply as possible, and to avoid en- 
tirely operative procedures on the digestive tract which might influence quanti- 
tatively or qualitatively normal gastric secretion, dog No. 2 was permitted to eat 
and drink and live normally with the e.xception that some of the food together 
with the secreted gastric juice was withdrawn by gastric lavage. At least one or 
two feedings per day were permitted to be retained to prevent significant starva- 
tion, and water was kept at all times in the cage to provide adequate water intake 
during intervals between lavage. Water intake and output were not measured, 
but frequent observations indicated that the animal botli drank and urinated fully 
as much as the normal animal. 

The chemical changes following lavage are shown in Table I and 
Chart I. As would be expected, loss of the cMorine ion with increase 
in the bicarbonate ion (and pH) occurred in a few da5^s time. Later, 
as loss of gastric juice continued, anhydremia developed, as indicated 
both by increase in serum protein and reduction of serum water 
contents. This dehydration occurred despite an apparently normal 
intake of water. During the third week when the Cl reduction and 
anhydremia were maximal, there also occurred a considerable increase 




CiiAUT I, Chemical Changes in the Blood after Gastric Lavage 





Composilion oj Blood Serum of Dogs, as A jjected by Loss of Gastric Juice and Therapeutic Measures 
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in blood lactic acid and a slight but appreciable increase in NPN, and 
decrease in total fixed base. Also during this period the osmotic 
pressure as determined by the freezing point diminislied very slightly. 
The calculated total osmolar concentrations were in good agreement 
with the observed. 

Ten days after gastric lavage was discontinued, the blood was 
again studied and found normal with the exception of BCl concentra- 
tion, wliich was above the normal. 

After four days of more intensive lavage during which time alto- 
gether eighteen stomach washings were made, the Cl ion concentra- 
tion dropped to a level similar to that obtained after the previous 
three weeks of less intensive lavage, — namely to 76 mM. Bicarbonate 
ion increase was in part masked by increase of lactate. The total 
base was diminished 21 mlM and the observed osmotic pressure 
dropped to a distinctly subnormal level. The calculated osmotic 
pressure was also subnormal but to a lesser degree. The NPN 
increased very little during this period. A slight fall of protein con- 
centration occurred. 

2. Effects of Loss of Gastric Jvicc by Fistula 
Experiment 2. Dog 28 

In this experiment we desired chiefly to note the rapidity and 
extent of plasma changes resulting from total loss of gastric juice. 

On 2-12-29 the pylorus was resected under ether, the duodenal end closed and 
the stomach drained to the outside through a rubber tube. On 2-4-29, 3 mg. 
erganine were injected hypodermically to stimulate secretion of gastric juice for 
immediate collection and examination. 500 cc. of 5 per cent dextrose were given 
intraperitoneally on 2-15-29 and 2-16-29. Severe tetany and asthenia were 
present on the latter day. The dog was found dead on 2-17-29 the 6th day of 
drainage. From Table I it may be noted that by tlie 5th da}’’ of drainage plasma 
BCl concentration had fallen from 109 to 56 mlN'I. Base bicarbonate increased 
only from 19 to 32 mM. This great discrepancy, 40 mM base, was well accounted 
for by the actual decrease in total base concentration plus the increase in phos- 
phate and undetermined acid. NPN, 82 per cent of which was urea, increased 
from 36 to 214 mgs. per cent. The water content of the serum diminished without 
a corresponding increase in protein. The total calculated osmolar concentration 
changed only from 310 to 316 osm. mM. A sample of gastric juice obtained on the 
third day after injection of erganine showed the following composition; total Cl 
133 mM, HCl 78 mM, total fixed base 27 mM, total N 507 mgs. per cent. 
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Experiment ^3. Dog ^?22 

In this experiment we proposed to investigate the effect on the 
prevention of dehydration of administration into the jejunum of; (1) 
dextrose solution and (2) dextrose solution and "combined” solution. 

On 4-8-29 a gastric fistula uras made rmder ether as in the previous experiment 
and in addition a jejunostomy was performed. Free drainage of gastric juice was 
noted on 4-9-29 and 200 cc. of 5 per cent dextrose were placed into the jejunum. 
On 4-10-29, 550 cc. were given. Tetany with convulsions developed on this daj' 
and blood was taken for chemical examination immediately after one of the latter. 
Changes similar to but not quite as marked as those noted in the previous e.xperi- 
ment on the 5 th day of drainage were found, with the exception thatbase bicarbon- 
ate increase was entirely absent, being masked by a very marked increase in lactic 
add, presumably the result of convulsions. On the next day, three days after 
operation, BCl had diminished to 56 mhl. Base bicarbonate had increased to 32 
mM. Protein, phosphate, undetermined acid and NPN had increased signifi- 
cantly and total base had diminished to 126 mhf. The total osmolar concen- 
tration observed was 334 mil, compared to a calculated osmolar concentration of 
281. Signs of tetany were present on this day. In all respects, therefore, this 
dog appeared similar to the previous one on the day before death. On this day, 
however, 500 cc. of “combined” solution with 5 per cent added dc-xtrose were 
given; on the next day 750 cc. were given in three divided doses, and on 4-13-29 
the 5th day after operation, blood was e.xamined chemically and found normal 
in all respects. At this time the dog seemed in very good shape, was able to walk 
and there was no signs of tetanj*. 

Experiment No. 4. Dog § 1-38 

In this experiment we desired to confirm the results of the previ- 
ous e.xperiment. 

On 5-29-29 a gastric fistula was made under ether by diriding the pylorus, 
dosing the duodenal end and sewing the stomach end into the indsion. Blood 
was examined two days later and the expected changes were found. On this day 
(5-31-29) 500 cc. of "combined” solution were given intrapcritoncally. On the 
next day, the animal was more lively and the blood compKisition had changed in 
the direction of normal. Xo treatment was given on this day and on 6-2-29 
in spite of the intrapcritoncal administration of 500 cc. of 5 per cent dc.xlrosc, 
the dog appeared dehydrated and moribund. A relapse from the chemical stand- 
point was also noted (sec Table I) despite the administration of dextrose solution. 
On 6-3-29, 500 cc. of “combined” solution were given intravenously follov.-ed bv 
almost immcdi.atc symptomatic improvement. Later in the day 500 cc. were 
given intrapcritoncally. On 6-4-29, 500 cc. were given intravenously at 1 1 a.m. 
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and three hours later blood was taken for study. At the same time urine was 
obtained. The blood showed a definite rise in I3C1 with a significant decrease of 
BHCO 3 and a slight fall in lactic acid. Tlic urine was dilute. Its Cl concentration 
was 416 mM, BHCO 3 concentration 53.2 mM, NII. 1 8 mM, while the total nitrogen 
concentration was 280 mgs. per cent. At 4 p.m. on 6-4-29 500 cc. more of “com- 
bined” solution were given intraperitoneally. This dosage was repeated on 
6-5-29 at 12 noon, and at 3 p.m. on the same day blood was e.xamined and found 
practically normal. The animal was killed and autopsied on 6-7-29, On that 
day the dog was able to walk; there were no signs of tetany. No infection was 
present. 

It would seem therefore from the data of these e-xperiments that 
the dehydration and alkalosis resulting from the loss of gastric juice 
is adequately relieved by administration of “combined” solution. 

Loss of Paiicrcaiic Juice 

In these experiments pancreatic juice was obtained by tlie method 
previously described by one of us (23). (R. E.) 

Very recently Gamble and Mclvcr (24) published data concerning the inorganic 
composition of pancreatic juice as obtained by an open fistula and discussed the 
dehydration and acidosis which followed such loss of pancreatic juice. As might 
have been predicted, they observed a favorable effect on the dehydration and 
acidosis by the administration of sodium chloride and sodium bicarbonate. At 
tlie time of their publication we had made similar observations on two dogs con- 
cerning the nature of pancreatic j'uice and the effects of its complete loss by the 
method of intubation of the main pancreatic duct after ligation of all accessory 
ducts. In commenting on the two methods. Gamble and Mclver concluded that 
the open fistula method was the superior, because they felt that premature death 
occurred in the intubated animals because of concommitant vomiting provoked 
by the intubated catheter. ' It would seem, however, that in reality the earlier 
death noted in the intubated animals (5 to 8 daj-^s as compared with 35 days) re- 
sulted from the more rapid dehydration and more marked acidosis due to the more 
extensive loss of pancreatic juice. In the method we used it was possible to ob- 
tain the entire 24 hour output from the entire pancreas and under sterile conditions. 
This is in contrast to the inevitable infection as well as the licking and consequent 
partial restoration of pancreatic juice in dogs with open fistulae. Infection itself 
leads to fibrosis of the gland and marked diminution of pancreatic secretion, an 
observation noted by most workers using open pancreatic fistulae. Vomiting 
in the intubated animals occurred only when fluid was taken into the stomach 
and is a manifestation of the gastric irritability which is part of the picture. 
Most animals seemed to realize this and took very little fluid and did not vomit. 
In a few dogs the desire for food and water was so great that they drank in large 
amounts and usually vomited afterwards. 
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Com-posilion of Pancreatic Juice 

Pancreatic juice as collected early after intubation, is faintly 
opalescent, sterile and without odor. Its total base concentration is 
roughly that of normal plasma, 150-160 mlM and consists chiefly of 
sodium. Calcium averages about 4.5 mgm. per cent. Of the anions, 
HCO3' is the most concentrated, averaging about 105 mhl. Cl' 
averages about 40 mM. Protein varies from .8 tol.9% averaging 1.2%. 
The albumin/globulin ratio is a little less than 1:2. Inorganic phos- 
phorus concentration is usually less than 1 mg. per cent. Lactic acid 
concentration is also less than in plasma, averaging less than 1 niM. 
Undetermined acid averages about 5 mhl. Glucose is absent and 
urea concentration approximates that of plasma. The total osmolar 
concentration both as determined and calculated also appro.ximates 
that of normal plasma. The amount of pancreatic juice secreted 
during the first 24 hours averages between 10 and 20 cc. per hour and 
increases to 15-30 cc. per hour for the next few days. 

The Effects of Continued Complete Loss of Pancreatic Juice 

During the first 2 or 3 days of drainage, the average animal appears 
normal. As described in a previous paper, (23) he then develops loss 
of appetite, shows evidence of dehydration, but frequently not of 
thirst, becomes weak, drow’sy, hyperpneic and dies on about the eighth 
day. Vomiting tends to occur particularly if food is gavagcd or if the 
animal persists in drinking or eating, but may be entirely absent. 

Plasma chemical changes are uniformly characteristic. (Table IH 
and Chart 11.) If vomiting is absent there occurs a steady fall in 
BHCO3 until its concentration reaches about 7-8 ml\l when death 
intervenes. BCl also dirrunishes but usually only to a slight extent as 
compared with the diminution seen following loss of gastric juice. 
Protein concentration increases steadil}-- and shortly before death may 
be e.xtremely high, 10-13 per cent. Phosphoric, lactic and sulphuric 
acid concentrations increase several fold. Total base diminishes 
often to the e.xtent of 25-30 mM. Undetermined acid tends to 
increase, but frequently remains axtremcly small. NPX concentra- 
tion may exceed 200 mgm. per cent. Glucose in some animals is 
found low (in one case it was practically absent) while in others its 
concentration varies from the normal to 200-270 mgm. per cent. 
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LOSS OF GASTRIC AND PANCREATIC SECRETIONS 


The water content of the serum diminishes usually from 94 to 91 gms. 
per 100 cc. The plasma volume as compared with the cell volume 
decreases enormously, however, sometimes being only one-fifth the 
total blood volume. The total osmolar concentration both as observed 
and calculated changes but little. 

If marked vomiting occurs, BHCOj loss may be partly or entirely 
masked, while BCl diminution is intensified. 

Early infection of the pancreatic juice and of the pancreas may 
also alter the course of events somewhat, as mentioned earlier. 
Usually infection results in diminution of pancreatic secretion, and 
delays fatal changes somewhat (see Table II). In Dog ^'25 glucose 
was practically absent from the blood on the 13th day (day of death) 
and an extremely high concentration of lactic acid was present. 
Apparently either glycolysis occurred in vivo or else developed 
extremely rapidly after removal of the blood. 

Renal activity (Chart II) is such as to compensate for the plasma 
changes. The urine diminishes in volume, contains almost no bound 
HCOa and therefore becomes highly acid, becomes free of Cl and con- 
centrated as regards HPO 4 , ammonia and urea. Fi.xed base is mucli 
diminished. A hea\^ trace of albumin and numerous granular casts 
are usually present. 

The pancreatic juice changes somewhat in composition as dehydra- 
tion and acidosis increase. (Table II, Chart II.) It diminishes in 
volume and becomes considerably less rich in base bicarbonate, but 
remains very alkaline as compared to the plasma. BCl increases 
somewhat in concentration. Its total fixed base concentration 
steadily diminishes but usually not as rapidly or to the extent that 
plasma base diminishes. NPN and urea continue to approximate 
their plasma concentrations, probably because of simple filtration. 

It would seem therefore that secretion of pancreatic juice, as in the 
case of gastric juice secretion, continues more or less unaltered despite 
the fact that its loss leads to the rapid death of the animal. Renal 
activity while very important in compensating for loss of water, fixed 
base and Cl, is insufficient to prevent death in the absence of sufficient 
mineral intake. 





5erum p. d. i 2 -zoeo ie c4 Serum P. d. Urine ie-£7 

normal r* j'" 7'" o*” oaij 

CffART II. Chcmic.ll Changes in the Blood, P.increatic Juice, and Urine Associated with Continued Total Loss ot 
P.incrcatic Juice 
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LOSS OF GASTRIC AND PANCREATIC SECRETIONS 
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LOSS OF GASTRIC AND RANCRKATIC SECRETIONS 


The Effects of the Administration of Dextrose, Ringer's and ^‘Comhined” 

Solutions 

WJien only water and dextrose solution are administered, no note- 
worthy diminution of dehydration and acidosis or prolongation of 
life seems to occur. 

Administration of Ringer’s solution, however, (Table III) in 
amounts somewhat greater than the volume of the pancreatic juice 
lost has a decided beneficial cITcct. After administration of Ringer’s 
solution to Dog ^ 23 (Table II) was begun, pancreatic juice, which 
had diminished in volume and BHCOa concentration, again increased 
in volume and alkalinity. The dog showed symptomatic improve- 
ment. He became lively and his appetite returned. Urinary output 
increased and renal activity, largely through excretion of chloride 
bound to ammonia with resultant retention of fixed base, was sufficient 
to prevent plasma BHCO3 from falling to a fatal level. It is to be 
noted, however, that BHCO3 continued to diminish for a number of 
days after beginning the administration of Ringer’s solution and then 
increased but did not nearly reach the normal level by the 15th day. 

With the administration of “combined” solution almost immediate 
relief of dehydration and acidosis was accomplished (Table HI)- 
Kidney intervention, while necessary for the excretion of sucli accumu- 
lated acids as phosphoric and sulfuric and of excess non-protein 
nitrogen, was unnecessary for a rapid restoration to normal of plasma 
BHCO3 and pH. 

It would seem, therefore, that the “combined” solution is effective 
in relieving dehydration due to loss of fixed base and fixed acid, 
regardless of whether “acidosis” or “alkalosis” exists. Severe renal 
insufficiency should not prevent plasma BHCOs restoration. Theo- 
retically, however, it might delay excretion of BHCO3 excess. 

An experimental study of this problem will be reserved for a 
later paper.* 

SUMMARY AND CONCLUSIONS 

The composition of gastric and pancreatic juices and the effects 
of their loss on the composition of the body fluids were studied. Loss 

* A preliminary report on the clinical use of the ''combined” solution was given 
by one of us (A. F. H.) at the Forty-first Annual Meeting of the American Pedia- 
tric Society. 
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of gastric juice by removing water and chloride ions only partly 
neutralized by fixed base results in dehydration and alkalosis. 

Loss of pancreatic juice by removing water and a relative excess of 
fixed base results in dehydration and acidosis. 

Normal conditions in the body may be restored after the loss of 
either gastric or pancreatic juice by the administration of a combined 
solution, which provides (1) water in abundance because of its hypo- 
tonicity (2) an adequate source of the fixed anion Cl' and of the 
cations Na+, K+, and Ca++ in proper physiological ratio and (3) 
an excess of fixed base over fixed acid in the form of B-Iactate. 
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SEROLOGICAL DIFFERENTIATION OF STERIC ISOMERS 
(ANTIGENS CONTAINING TARTARIC ACIDS) 

Second Paper 

Bv EL. LANDSTEINER, M.D., anb J. van der SCHEER 
{From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, June 3, 1929) 

In. experiments reported already (1) it has been demonstrated that 
the presence of optically isomeric groups in two otherwise identical 
antigens suffices to bring about a difference in their serological proper- 
ties. The case examined was that of the levo- and dextro-phenyl 
(paraaminobenzoylamino) acetic acids which after diazotization were 
combined with proteins. The resulting antigens were distinctly 
different when tested with the corresponding precipitating immune 
sera. Considering that steric isomerism presumably is of signifi- 
cance for the' specificity of natural antigens, it seemed desirable to 
extend the studies to other instances and also to proceed to the 
examination of compounds containing more than one asymmetric 
carbon atom. 

For this purpose the tartaric acids were chosen which, as is well 
known, contain two asymmetric carbon atoms and which exist in 
three isomeric forms, namely, levo-, dextro-, and mesotartaric acid, 
aside from the racemic mixture of I- and tf-acid. The following 


formulae represent the three forms 
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A method for attaching these substances to protein was found in 
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STERIC ISOMERS 


preparing first a compound with paraphenylenediamine in which one 
of the amino groups is linked to one of the carboxyls of the tartaric acid 
according to the following formula; NHoCcH^NHCO (CHOH): COOH. 
This substance was diazotized and coupled to protein. After a few 
unsuccessful attempts to prepare this ac>d derivative directly by con- 
densation of tartaric acid with paraphenylenediamine, it was found 
possible to combine tartaric acid with paranitraniline and to reduce the 
resulting substance to the amino compound. 

EXPERIMENTAL 

Levo- and mesotartaric acids were prepared according to the methods of Holle- 
man (2) and Marckwald (3). The meso acid was obtained in the form of its cal- 
cium salt which forms characteristic square crystals easily distinguishable from 
those of the racemic mixture. From this calcium salt the free acid was isolated by 
adding less than the calculated amount of a dilute solution of sulfuric acid and 
allowing the material to stand at room temperature for 1 day. The filtered solu- 
tion was concentrated to a small volume at 40° by vacuum distillation. The 
mesotartaric acid crystallized on cooling and was dried in vacuo at 45° (M.Pt. after 
two recrystallizations 142-143°C.) 

Frankland and Slator (4) prepared a ditoluididc of tartaric acid (C 7 H 7 NHCO )2 
(CH0H)2 by heating /^-toluidine (2 mols) and tartaric acid (1 mol) for 10 hours 
in an oil bath at 180-185°. They established by subsequent hydrolysis of the 
substance that the tartaric acid had not undergone any appreciable racemization 
during the process. 

Applying a similar method to paranitraniline and using instead of 2 mols only 1 
mol of paranitraniline for 1 mol of tartaric acid we found that besides a non-acid 
product (probably the dinitranilide of tartaric acid) paranitrotartranilic acid 
(NOaCeH 4 NHCO(CHOH) 2 COOH) in good yield was also obtained. Accordingly 
the derivatives of levo-, dextro-, and mesotartaric acid were prepared by the 
following process: 

15 gm. of tartaric acid were ground with 13.8 gm. of paranitraniline 
(in a test tube) in a paraffin bath at 170°C. When, after about 5 minut. , 
began to form in the molten mass the temperature was lowered to 155-1607. 
In the case of the levo- and dextro-tartaric acid but not in that of the meso-acid 
the fluid began to thicken after about 15 minutes and later solidified. After heatin g 
for about 40 minutes in all, the mass was broken up by heating with water and a littl e 
alcohol, the volume was brought to 600 cc. with water and a solution of NaOH 
was added until the liquid reacted neutral to litmus. The insoluble material w£ s 
removed by filtration and the solution was concentrated on the steam batli to a 
volume of 200 cc. A little insoluble material which separated was^ filtered off 
after cooling to room temperature and enough 10 per cent hydrochlopc acid was 
added to make the solution acid to Congo red. The paranitrotartranilic acid pre- 


and heated 
es. bubbled 
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cipitated as a light yellow powder which was fdtered o£fj washed wdth water and 
dried in vacuo. The yield was approximately 12 gm. of the levo- and dextro- 
compoimds and somewhat less of the meso-compound. Reay'stallized from water 
the levo- and dextro acids form fine yellow needles. The meso add crj-stallizes in 
pale yellow’ microscopic platelets. 

Levo-paranitrotartranilic acid CioHioOiNj. M.Pt. 211-212®. 

Analysis: calculated: C 44. 44 H 3. 70 
found: “ 44.76 “ 3.40 

270 mg. neutralized 9.95 cc. 1/10 N NaOH; calculated: 10 cc. A 1% solution 
in methyl alcohol gave at 22® a rotation of —2.40 in a 2 dm. tube with sodium 
light, [oId —120. 

Dextro-paranitrotartranilic acid M.Pt. 212-213°. 

270 mg. neutralized 9.93 cc. 1/10 N NaOH; calculated: 10 cc. A 1% solution 
in methyl alcohol gave at 22° a rotation of -f 2.40 in a 2 dm. tube, [cv]d -fl20. 
hleso-paranitrotartranih'c acid M.Pt. 193-194°. 

270 mg. neutralized 9.95 cc. 1/10 n NaOH; calculated 10 cc. A 1% solution 
in methyl alcohol showed no rotation. 

Rcduclion of Nilrolarlranilic Acid to the Amino Compound . — 20 gm, of crude 
finely ground para-nitrotartranilic acid were suspended in 1.5 liters of i nor- 
mal hydrochloric acid. About 36 gm. of zinc dust were added in small portions 
over a period of 15 minutes with constant stirring. The paranitrotartranilic acid 
disappeared gradually within tj hour. The e.xcess of zinc was filtered off and to 
the solution which showed faint acidity to congo red, 70 gm. of sodium acetate 
were added and hydrogen sulfide was passed through until the zinc had been com- 
pletely precipitated. After filtration the solution was neutralized with sodium 
hydroxide. In the case of the meso-paraaminotartranilic acid it was neutralized 
before filtering off the zinc sulfide to avoid a loss of substance by precipitation in 
the acid solution. The solution was concentrated at 40° by vacuum distillation 
to a volume of 200 cc. and after rcmo\'ing a trace of insoluble material it was 
cooled in a freezing mixture and enough concentrated hydrochloric acid was added 
to make it weakly acid to congo. The paraaminotartranilic acid came out of 
solution and was filtered off. It was washed with water, alcohol and ether and 
dried in vacuo. The yield was approximately 10 gm. By recrj’staliizalion of the 
levo- and dcxtro-compounds from 25 parts of water with the addirion of some 
decolorizing carbon they were obtained in the form of microscopic white needles 
or platelets. 

The meso-compound which was almost white was purified by dissolving in water 
and the required amount of sodium hydro-xidc, and rcprecipitalion with acid; 
white microscopic rectangular platelets after rccrj-stallization from water. 
.4nalyscs: 

l-evo-paraaminotartranilic acid CjcHiiOjN;. 

2-iO mg. neutralized 9.S5 cc. 1/10 .v NaOIf; calculated 10 cc. 

K 3 chld.alil nitrogen analysis; Found N. 1 1.767c : calculated 1 1 .677c. 
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A water solution containing 480 mg. of the substance and 2.6 cc. of normal 
HClin a volume of 15 cc. gave at 25°C. a rotation of —6.31 in a 2 dm. tube; 
Ho -98.6. 

Dextro-paraaminotartranilic acid CioHjjOsNa 
240 mg. neutralized 9.90 cc. 1/10 n NaOH; calculated 10 cc. 

Kjelildahl nitrogen analysis: Found N. 11.55%, calculated 11.67%. 

A water solution containing 480 mg. of the substance and 2.6 cc. of normal 
HCl in a volume of 15 cc. gave at 25°C. a rotation of +6.35 in a 2 dm. tube; 
[qId +99.2. 

Mcso-paraaminotartranilic acid CioHiiOsN* 

240 mg. neutralized 9.90 cc. 1/10 n NaOH; calculated 10 cc. 

Kjelildahl nitrogen analysis: Found N. 11.62%; calculated 11.67%. 

The amino compounds became dark but did not melt when heated to 285°C. 

The meso-paraaminotartranilic acid obtained must consist of a racemic mix- 
ture of two optically active compounds since the combination with paranitraniline 
destroys the symmetry of the molecule. This circumstance docs not interfere at 
all with the conclusions to be drawn from the following e.xpcriments and conse- 
quently no attempt was made to resolve tlie product into its components. 

The levo-, dextro-, and meso-paraaminotartranilic acids will be 
designated as d-, and w;-acid and likewise the azoproteins prepared 
from these amino acids and the immune sera obtained by immuniza- 
tion with the azoproteins will be referred to as d-, and w^-antigens, 
and 1-, d-, and 7»-immune sera, respectively. 

Preparation of the 1-, d-, and m-Anligcns for Immunization . — The /- and d- 
paraaminotartranilic acids were coupled to protein in the following manner: 

7.6 gm. were dissolved in 200 cc. water and 85 cc. of normal HCl and diazotized 
with the required amount of sodium nitrite at a temperature of 0-5°C. with starch 
iodide paper as indicator. The diazo solution was diluted with ice water to a 
volume of 1200 cc. 

800 cc. of this solution were added to a cold mixture of 500 cc. horse serum and 
100 cc. normal sodium carbonate and tlie mixture, chilled with ice, was kept weakly 
alkaline to phenolphthalein by adding frequently small quantities of sodium 
carbonate solution. The coupling proceeded slowly (test with alkaline R salt 
solution for the presence of free diazo compound) and the diazo compound was 
used up after about H hours. Then the remaining 400 cc. of diazo solution and 
SO cc. of normal sodium carbonate were added (further addition of sodium carbon- 
ate and cooling as above). The coupling was finished after about 1 hour. Under 
the conditions described the meso compound coupled faster but for the sake of 
uniformity the operations were carried out in exactly the same manner as with 
tlie /- and d- substances. 
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By acidification with hydrochloric add the azoprotein was precipitated and 
after filtration it was dissolved in a small volume of water by addition of a little 
normal sodimn carbonate. It was reprecipitated from this solution with a large 
quantity of alcohol. The precipitated azoprotein was ground in a mortar to a 
thin paste, brought up to a volume of 950 cc. with water and the necessary amount 
of a salt solution to make the salt concentration approximately 1%. As a pre- 
servative SO cc. of 5% phenol solution were added. 

Immunization . — Three batches of six rabbits each were injected 
intraperitoneally at weekly intervals. Each rabbit received 12 cc. 
of the antigen per injection. Test bleedings were made 1 week after 
the third and the fourth injections. Three to four sera of sufficient 
strength were obtained in each lot after three or four injections. 

Antigens for the Tests . — ^These were prepared in the same way as 
the antigens for immxmization, chicken serum being used instead of 
horse sennn. The azoproteins were precipitated with acid, washed 
with water and brought into solution by means of sodium carbonate. 
The quantity of antigen in the solution was determined by predpita- 
tion with alcohol and weighing the dried substance. The dilutions 
given in the tables are in terms of a 5% stock solution. 

The intensity of the reaction is indicated as follows: o, f. tr. (faint 
trace), tr. (trace), ±, +, +rfc, etc. 

The experiments presented in Tables I to III show an almost com- 
plete specificity of the I- and d- antigens. The I- and d- immune sera 
give rather weak group reactions with the «;-antigen; the m-immune 
sera gave practically no group reactions. 

Tests were also made with an antigen made from racemic tartaric 
acid. It was found that this substance, as was to be e.vpected, reacts 
like a mbcture of I- and d-antigens, i.c., it is precipitated by both the 
I- and d-immune sera like the homologous antigens only somewhat 
weaker according to the low'er concentration of the respective homol- 
ogous antigens. With tlie j«-immune sera there were only faint 
reactions similar to those of the I- and d-antigens. These results with 
the racemic preparation are not tabulated. 

Other immune sera, namely, two /-, three d- and three m- sera gave 
results entirely in agreement ivith those presented in the tables. 

In the following e.xperiments presented in Tables IV, a, I\',b, and 
IV, c, the inhibiting effect on the predpitin reaction of the tartaric adds, 
the paraaminotartranilic adds and some other substances used for 
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TABLE I, a 

To 0,2 cc. of the diluted antigens (prepared with chicken scrum) were added 2 
capillary drops of /-immune serum. 


Re-idings taken nttcr: 

/-Antigen 
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TABLE I. h 

To 0.2 cc. of the diluted antigens were added 4 capillaiy drops of /-immune 
serum. 


Readings taken after: 

/-Antigen 

Dilution 1: 

rf-Antigcn 
Dilution 1: 

m- Antigen 
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TABLE II, a 

To 0.2 cc. of the diluted antigens were added 2 capillary drops of </-immune 
serum. 


Readings taken after: 
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Dilution 1: 
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3 hrs. at room temper- 

0 

0 

0 

0 

tr. 

+ 

+ 


f. tr. 

tr. 

f. tr. 

0 

ature 













Night in ice box 

0 

0 

f. tr. 

0 


++ 

++ 


± 

± 

tr. 

0 
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TABLE n, b 

To 0.2 cc. of the diluted antigens were added 4 capillary drops of d-immune 


serum. 




/-Antigen 
Dilution 1 : 



^/-Antigen 
Dilution 1: 


1 

1 

#»-Anligen 

Dilution 











1 






too 

500 

2500 

20 

100 

500 

12500 

! 

20 

100 

500 

2500 

1 hr. at room tern- 


1 

0 

1 

1 0 

1 

1 0 

+ 

+± 


tr. 

tr. 

tr. 

f. tr. 

0 

perature 

3hrs. atroomtem- 


0 




+± 

-f* 

tr. 

tr. 

tr. 

tr. 

0 

perature 

Night in ice box 

0 


0 

0 

1 

+ + ± 

+++ 

++± 

+ 

i 

+ 

+ 1 

tr. 

0 


TABLE m, a 

To 0.2 cc. of the diluted antigens were added 2 capillary drops of w-immune 
serum. 


Readings taken alter: 

/-Antigen 

DUutionl: 

<f-Antigen 

1 Dilution 1: 

I 

1 fn-Antigen 

1 Dilution 1; 



500 

1 

2500 

I 

20 


500 

2500 

20 

100 

500 

2500 

1 hr. at room tem- 

0 1 

0 1 


0 

0 

0 I 

0 

0 

± 

+ 

+ 


perature 

3 hrs. at room tem- 

0 

0 


0 

0 

0 

o! 

0 

d= 1 

+ 

-f ± ! 


perature 

Night in ice box 

0 

0 

f. tr. 

0 

0 

0 1 

0 i 

0 1 

++1 

++il 

++±i 



TABLE m, b 

To 0.2 cc. of the diluted antigens were added 4 capillary drops of m-imraune 
scrum. 


"Reaflinp taien alter: 

/•Anligen 

Dilution 1: 

tf-Antigcn 
Dilution S: 

r*.-Antigta 

Dilution 1: 

j 20 

100 

500 

2500 

! 

20 

i 100 

I 

500 

2500 

20 

1 300 

500 

25M 

I hr. at room tem- 

B 

0 

0 

1 

0 

0 

D 

0 

B 


O- 

? 

tr. 

perature 

3 hrs. at room 

0 


0 

0 

0 

1 

0 

0 


JL-i. 1 



temperature 
Night in ice box 

0 

f. tr. 

f. tr. 

0 


1 

0 

0 

1 

|-r-r-r 

! 

i * 
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TABLE IV, a 

I- Antigen and l-Immunc Scrim 


Readings taken after: 

I* 

2 

3 

B 

s 

15 mins, at room 

f. tr. 

d= 



± 

temperature 

! 





3 hrs. at room tern- 


+ 



+ 

perature 






Night in ice box 

+ 

+ + 

+ 


+ 


6 

B 

8 

1 

9 

1 

10 

11 

1 

12 

Con- 

trol 

f. tr. 

+ 


± 

+ 

+ 

-L 

1 

+ 


+± 

+ 

+ 






++ 


4-± 

++ 

+ + 

I++ 

1 

++ 


TABLE IV, J) 

d-Anligcn and d-Immune Scrum 


Readings taken 
after: 

1 

2 

3 

B 

1 

s 

6 

B 

a 

9 

10 

11 

12 

Control 

15 mins, at room 


0 


tr. 

1 

0 

III 

+ j 


tr. 

■ 1 

ziz 

+ 

+ 

+ 

temperature 

3 hrs. at room 





0 

1 

4-± 

+ 


+± 

+± 

+± 


temperature 
Night in ice box 




+ + 

0 

■ 

++ 

++ 

+ ± 

1 

++± 

++± 

1 

1 

++± 


TABLE IV, C 

in- Antigen and in-Immunc Scrum 


Readings taken 
after: 

1 

2 

3 

4 

5 

6 

■ 

8 

9 

10 

11 

12 

Con- 

trol 

15 mins, at 

+ 

+ 

tr. 

tr. 

sh 

0 

+ 


de 

d: 

ds 

+ 

+ 

room tern- 














perature 

3 hrs. at room 

4-=fc 


1 

1 

Os 


+ 

0 


-fefc 

4-ifc 

+ =*= 



++ 

temperature 
Night in ice 

++=*= 

++=*= 



++ 

0 

++^ 

++ 

++ 

+++ 

++=*= 

+++ 

'++=*= 

box 









1 






*The numbers 1 to 12 refer to the substances tested for inhibition. 
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comparison was tested. The compoimds are enumerated as follows: 
(1) levo-tartaric add, (2) dextro-tartaric add, (3) meso-tartaric add, 
(4) levo-paraaminotartranilic add, (5) dextro-paraaminotartranilic 
add, (6) meso-paraaminotartranilic add, (7) succinic acid, (S) 1-maIic 
add, (9) d-l-malic add, (10) lactic add, (11) benxoic add, (12) acetic 
add. 

0.2 cc. of the antigen (diluted 1:500) were mixed with 0.05 cc. of a neutral solu- 
tion containing 1 millimol in 10 cc. of the substances indicated. To this 4 capil- 
lary drops of the homologous immune serum were added. The control tube 
contains only antigen and immune serum.^ 

TABLE V 


The inhibiting substances used were: (4) /-paraaminotartranilic acid, (5) 
d-paraaminotartranilic acid, (6) m-paraaminotartranilic add, (13) f-paranitro- 
tartranUic add, (14) d-paranitrotartranilic add. 



Readings taken after 

i 

5 

6 

13 

14 

Con- 

trol 

i 

l-antigen and /- 

15 mins, at room temperature 

0 


tr. 

0 

d: 


immune serum 

1 3 hrs. at room temperature 

0 

-h 

d: 

0 




Night in ice box 

0 


+± 

0 

-hi 

++ 

<J-antigen and d- 

13 mins, at room temperature 

dz 

0 

tr. 

tr. 

0 

+ 

immune scrum 

3 hrs. at room temperature 

"f 

0 

d: 


0 



Night in ice box 


0 

d-dz 

-t-± 

0 

-hi 

r:-antigen and rr.- 

15 mins, at room temperature 

— 

dz 

0 

tr. 

1 


immune scrum 

3 hrs. at room temperature 

'f 


0 

+ 

-f 

drd: 


Night in ice box 


'Tzh 

0 

d"dz 


++ 


Table V represents inhibition tests with /-, d- and ;;;-paraamino- 
tartranilic acid and /- and d-paranitrotartranilic add where 0.05 cc. 
of a neutral solution containing in 10 cc. 0.25 millimol of these sub- 
stances was added to the antigen. The ni-param’trotartranilic add 
could not be used since a predpitalion occurred on mixing with saline 
solution. 

DISCUSSION' AND SLTSQLVRY 

The experiments reported confirm the results of our predous studies 
and demonstrate again the striking influence of the steric constitution 

the detaib given for the tests in a prirvious paper (l), Table IV c, it 
should read “0.5 millimol in 30 cc.” 
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on serological properties. It would seem that in this respect the 
specificity of serum reactions is analogous to that of ferments. How- 
ever, while in the investigations with fennents one is limited to those 
found in nature, by our method antibodies can be produced at will, 
whicli act on chosen substances. 

In particular one sees that the change in the spatial configuration 
with regard to one asjmimetric carbon atom is sufficient to cause a 
pronounced serological difference, as appears from a comparison of the 
reactions of either the /- or <f-antigen with those of the w-antigen. 
Since the change of the levo- into the de.\tro-acid would involve a 
rearrangement of the groups around both as}mimetric carbon atoms 
one may suppose that there is a greater serological difference between 
these two acids than between either and the w;-tartaric acid. This 
reasoning is supported by the fact that the /-immune sera showed 
almost no reactions on the </-antigen and vice versa while there were 
weak group reactions of the /- and ^/-immune sera with the w-antigen. 
A question which requires further investigation is whether the marked 
serological distinction between steric isomers depends on the nature of 
the radicals connected with the asymmetric carbon atom, /.c., whether 
any radical will produce an effect of the same order as polar groups like 
COOH or OH (c./. Reiner (5)). 

The fact that the specificity of the reactions is entirely determined 
by the substances linked to the protein and not by the protein mole- 
cule itself is in the first place due to the method of testing, namely, 
the use of a protein different from that employed for immunization. 
Besides one has to consider that, owing to the considerable number 
of tyrosine and histidine groups with which the azocompounds can 
combine, one may visualize the protein molecules, studded, as it were, 
with the groups artificially introduced. 

The application of the findings presented, to the problem of speci- 
ficity in natural antigens, especially those of carbohydrate nature, is 
suggested because the chemical constitution of tartaric acid is closely 
allied to that of the sugar acids which, from the work of Avery, 
Heidelberger and Goebel are known to form essential parts of the 
bacterial carbohydrate haptens. Since these haptens are high 
molecular compounds consisting of structurally different combina- 
tions of sugars and various carbohydrate acids it is easily conceivable 
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that there exists an ahnost unlimited number of such specific sub- 
stances. 

A special point is brought out by the inhibition tests. These tests 
distinguish definitely between the uncombined I- and <f-tartaric acids 
themselves, while in contrast to the direct precipitin reactions there 
is no definite distinction between I- or d- and the ?«-tartaric acid, 
in the tests with I- or d-immune serum. The «z-immune serum 
however differentiates clearly the ra-tartaric acid from the two other 
acids. In comparison with the simple tartaric adds a considerably 
greater inhibiting effect and a more marked specifidty similar to that of 
the precipitin tests is exhibited by the amino- or nitrotartranilic acids. 
This indicates that the antibodies involved do not act upon the tar- 
taric acid part of the molecule only but attach themselves also to the 
aromatic nucleus and hence may be supposed to possess several dis- 
tinct binding groups. This view suggests a further stud}”" of substances 
of complicated chemical structure. 

In the present connection it is pertinent to state that in general the 
conclusions drawn from the inhibition tests are based upon reactions 
with substances whose chemical constitution is known in its entirety, 
and that of course proteins play no part whatsoever in the specificity 
of these phenomena. 

STJ3ISIARY 

In continuation of studies on the stereochemical specifidty of 
serum reactions, antigens were examined containing the acyl radicals 
of the levo-, dextro-, and meso-tartaric adds. It was found that in 
this case also, immune sera can readily be obtained which differentiate 
sharply the three antigens identical in every other respect but possess- 
ing stercoisomeric groups. 

Since the tartaric adds by their chemical constitution belong to the 
same class of substances as sugar acids the results have a bearing 
upon the question of the specificity of natural antigens containing car- 
boln'dratcs such as have been described by Aver}’ and Heidelberger. 

REFERENCES 

1. Landslcincr, K., and van dcr Sdieer, J., J. Exp. Med., I92S, 48, 315. 

2. Hollcman, A. F., Rcc. Trav. Chim., 1S9S, 17, 84. 

3. M.nrckwald, \V., Ber. deutscl:. cheir,. Ces., 1896, 29, 42. 

4. Fr.inkl.md, P. F., and Slator, A., J. C/:err..Scc. Trar.s., 1903, 83, 1349. 

5. Reiner, L., and Fischer, Oc., Zc’.tschr. f. InriuKslilfersck,, 1929, 61, 317. 




TBE ANTIBODY-FORIMATION BY POLYSACCHARIDS 

By SHOJI NISHUIDRA 

{From the Kitasato Inslituie for Infectious Diseases, Tokyo, Japait) 
(Received for publication, March 8, 1929) 

That antibo^es are formed for lipoids had long been doubted. Re- 
cently, however, this doubt has been cleared away by the production 
of the antibodies (1) (2) in animals injected with lipoids and senun 
proteins. 

It has occurred to me that polysaccharids, which belong to the same 
sort of emulsoids, might be endowed with antigenic properties and 
that their action as antigens might be facilitated by using serum 
proteins or other substances as vehicle. 

The fact that glycolytic ferment develops in the animal body after the injec- 
tion of sugar has been demonstrated by Wcinland, Abderhalden, and others. 
There is, however, little literature dealing with the antigenic nature of sugar. 
Heidelberger and Avery (3) (4) have isolated a substance which bore close resem- 
blance to poij'saccharids from the pneumococci. This substance precipitated anti- 
pneumococcic serum, but immunization e.vperiments with it have given a negative 
result. Rokuro Rondo (5) obtained an antilipoidal sennn by the use of a mixture 
of lipoids with inulin. 

I have e.\perimentcd with inulin, soluble starch and dextrine, and 
succeeded in obtaining antisera against all of them. The results 
were reported in the December issue of the Japan Medical World, 
Home Edition in 1927 (6), and in the Saikingaku Zasslii {Journal of 
Bacteriology^ April, 1928 (7). I shall deal with the same matter in 
this report, rcNnewing all I have reported previously in addition to 
what I have done since. 


Methods 

The three kinds of poij'saccharids u.scd in mj- experiments were of Mercl: make. 
I prepared solutions of them and injected them into the postauricular veins of 
rabbits daily for some time. On the 5th to 6th day from the last injccU'on the 
blood of the .animats w.as collected, and the serum was sep.arated and inactivated 
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at 56°C. for ^ hour. The test was made bj' complement fixation and precipita- 
tion, using the corresponding polysaccharids as antigens. 

Complement Fixation Test. — The serum was put in a series of 6 test tubes con- 
taining 0.2, 0.1 , 0.05, 0.025, 0.0125 and 0.006 cc. of it respectively, made to 0.5 cc. 
with saline. Tube 1 was a control, containing scrum only. To the remaining 
5 tubes 0.5 cc. of the antigen was added. The complement consisted of 0.5 cc. 
of diluted guinea-pig scrum, containing 2.5 lytic units. The mixtures were kept 
for 1 hour in the incubator, and then 1 cc. of the licmolytic system was added 
(0.5 cc. of a 5% goat crythrocytal suspension and 0.5 cc. of the anti-sheep scrum 
having 3 times as strong a hemolj'tic power) incubation done for 2 hours more and 
the results were read. 

The inulin, used as antigen in the complement fi.xation test was a 2% solution, 
the soluble starch a 1.5% solution, and the dextrine a 3% solution in saline. All 
were dissolved by heating. Each of these antigen-solutions (1.5 cc.) was tested 
and found to give no auto-inhibition. 

EXPERIMENTAL 

A. Inulin 

Material for Injection. — Inulin was dissolved in saline to the proportion of 4% 
and heated at 70°C. Prior to injection, 0.8 cc. of the solution was mi.xcd either 
with 0.2 cc. of the pig serum or with the same amount of the saline. The mixture 
was then put in the incubator for 1 hour. The controls received pig serum onl}', 
in the same dilution. 

Doses and Number of Injections. — Each of the tliree mixtures described above 
was injected in a dose of 1 cc., 1.5 cc., 2 cc., 3 cc., 4 cc., 5 cc., and 6 cc., each dose 
being repeated. 

Complement Fixation Test. — The normal serum often gave a very weak positive 
reaction. These positive sera, however, gave a negative reaction when they were 
inactivated by heating at OO^C. for 1 hour. They also gave a negative reaction 
when the mixture was allowed to stand at 0°C. for 1-J hours instead of at 37°C. 
before the hemolytic system was added. From these facts it will be seen that the 
positive reaction, which the normal sera gave, was non-specific in nature. 

Results of complement fixation tests with the sera of injected rabbits 
are given in Table I. 

From Table I, it will be seen that the sera of the rabbits, which had 
been treated either with inulin solution alone or with inulin-pig-serum 
mixture, all gave positive results. The control serum from the rabbit 
injected with the pig serum alone, gave a negative reaction. 

Precipitation Tests . — These were carried out by both the mixing 
and the ring precipitation methods, but both yielded negative results. 
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Bunji Tmai (8) has reported that by the complement fixation test 
he has demonstrated the antigenic power of inulin. He also obtained 
immune sera, which gave precipitation with a certain kind of inulin, 

B. Soluble Starch 

All the immunization experiments with a weak starch solution 
proved unsuccessful, but by the use of a strong one, the antibody for- 
mation was at last induced. 


TABLE I 

Results of the Complement Fixation Test with the Sera of the Rabbits 
Receiving Inulin Only 



Serum (cc.) 



0.1 

o.os 

0.02S 

0.012S 

0.006 

1 

jumii 

H 

H 

H 

H 

K 

2 


H 

H 

H 

H 

k 

3 


H 

H 

K 

L 

L 

4 


H 

K 

L 

h 

L 

S 


H 

K 

L 

L 

L 

6 


H 

K 

L 

L 

L 


Results of the Complement Fixation Test with the Sera of the Rabbits Receiving 
Inulin Plus Pig Scrum 


7 

I K 

I H 

H 

[ K 

k 

h 

8 

k 

H 

H 

H . 

K 

k 

9 

L 

H 

H 

H 

K 

L 

10 

H 

II 

H 

H 

K 

L 

11 

H 

H 

H ' 

H 

H 

K 


H stands for inhibition, K or k incomplete hemolysis and L complete hemolysis 
in the complement fixation. 


Material for lujcctiou. — 3% soluble starch saline mixture was 
heated and made into a pasty substance. It was used without any 
vehicle. 

Doses and Number of Injections. — A daily injection with a dose of 
0.5 cc. was given for IS days. 

Complement Fixation Test. — There was no case in whidi normal 
serum gave a positive result. After the completion of one course of 
injections, the sera of all the treated animals gave positive results, as 
shown in Table II. 
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Precipitation Test . — The tests all gave negative results. 

Ken Nodzu (9) as well as B. Imai (8) have demonstrated the anti- 
genic power of soluble starch by the complement fixation test. Nodzu 

TABLE n 


Rcsiills of the Complement Fixation Test with the Scrum of the Rabbits Receiving 

Soluble Starch 


Rabbit No. 

Scrum (cc.) 

0.2 

0.1 

o.os 

0.02S 

0.0I2S 

0.006 

12 

L 

H 

II 

K 

L 

L 

13 

L 

K 

L 

L 

L 

L 

14 

L 

H 

K 

L 

L 

L 

15 

L 

H 

H 

H 

K 

L 

16 

L 

H 

K 

L 

L 

L 


TABLE m 


Results of the Complement Fixation Test with the Scrum of the Rabbits Receiving 

Dextrine Only 


Rabbit No. 

Serum (cc.) 

0.2 

0.1 

0.05 

0.025 

0.012 

0.006 

17 

L 

K 

L 

L 

L 

L 

18 

L 

K 

L 

L 

L 

L 

19 

L 

K 

k 

L 

L 

L 

20 

L 

K 

k 

L 

L 

L 

21 

L 

L 

L 

L 

L 

L 

22 

L 

L 

L 

L 

L 

L 


Results of the Complement Fixation Test with the Serum of the Rabbits Receiving 

Dextrine Plus Pig Serum 


23 

K 

H 

H 

H 

H 

K 

24 

K 

H 

K 

L 


L 

25 

K 

H 

K 

L 


L 

26 

L 

H 

H 

H 


L 

27 

K 

H 

H 

H 

H 

K 

28 

L 

H 

H 

H 

K 

L 

29 

K 

H 

H 

H 

H 

K 

30 

L 


H 

K 

L 

L 


stated that he, like myself, obtained onty negative precipitation tests, 
but Imai states that he obtained a weakly positive reaction. 
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C. Dextrine 

Experiment 1 

Material.— -iLhQ dextrine used in my experiments -sras a vrhite powder, which 
gave a purplish indigo color with iodine. It was insoluble except when heated; 
and therefore must have been amylodextrine. (For convenience sake it is stated 
as “D.I.”) A 6% mixture of D.I. with the saline was made by heating at 70°C. 
The pig serum was added in the same proportion as in the case of inulin. 

Dose and Number of Injections.— These, were the same as in the case of inulin. 
Complement Fixation Tests.— The normal sera gave positive reactions less fre- 
quently than in the case of inulin, and gave less marked reactions. By differen- 
tial testings, the reaction was proved to be nonspecific. 

The results of the complement fixation tests with the sera of rabbits 
treated with dextrine alone or with the mixture of dextrine and pig 
serum are shown in Table III. It will be seen that the serum of the 
rabbits immunized with the mixture of dextrine and pig serum gave a 
strong reaction, whereas those from animals receiving dextrine alone 
yielded doubtful reactions. The control serum from the rabbit in- 
jected with pig serum alone, gave a negative reaction. 

Precipitation Reaction . — The results were entirely negative. Thus 
far, dextrine had induced antibodies only when injected in association 
with pig-serum. Because of the fact, however, that inulin and solu- 
ble starch gave antibodies even though injected without the addition 
of pig-serum, I next submitted animals to an increased amount and 
number of injections, in order to determine whether or not the addi- 
tion of pig-serum is absolutely necessary to effect the antibody forma- 
tion. 

Experiment 2 

Material. — The kind of dextrine and the concentration of its solution were the 
same as employed in Experiment 1. 

Dose and Number of Injections. — 18 injections with a dose of 5 cc. were given. 
Complement Fixation Tests. — ^Thc results of the complement fetation tests made 
with the sera of the treated animals arc shown in Table IV. It will be seen that 
dextrine when given by itself elicited antibodies. 

Experiment 3 

Material. —I used two diiTerent kinds of .Merck dextrine, botli being further 
decomposed than that of the previous experiments. One was a white powder 
gi\cn a purple color with iodine, and easily soluble. (For convenience sake this 
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lot is called “D.II.”) The other was a 5’^cllo\v granular substance giving a red 
color with iodine and also easil}’ soluble. (This is called “D.IIL”) D.III. was found 
to be erythrodextrine. In degree of decomposition, D.II. stood just between D.I. 
and D.III. The D.II. and D.III. specimens were dissolved in saline to a propor- 
tioji of 6%, and injected into animals without the addition of the pig senim. 

Amount and Number of Injections. — 18 injections were given with a dose of 5 cc. 

Complement Fixation Test. — ^All the sera gave negative results. 

Experiment 4 

Material. — A 6%, 10% and 15% saline solution of the D.II. and D.III. were 
prepared. 

Amount and Number of Injections. — One course of treatment consisted of 5 in- 
jections each of 6%, 10% and 15% solutions in saline, the dose being 10 cc. The 
total amount of the injected material was, therefore, about three times as much as 
it was in the previous experiments. 


TABLE IV 


Results of the Complement Fixation Test with the Scrum of the Rabbits Receiving 

Dextrine Only 


Rabbit No. 

Scrum (cc.) 

iSi 

0.1 

o.os 

0.02S 

0.012 

0.006 

31 


IH 

H 

K 

1 

L 

L 

32 



K 

L 

L 

L 

33 



H 

L 

L 

L 

34 

■■ 

■■ 

H 

K 

L 

L 


Complemoit Fixation Test. — The results of the complement fixation test with 
the sera of the animals treated with D.II. and D.III. were all negative. It may 
be inferred that these two kinds of dextrine were lacking in antigenic action. 

From the results of my experimental immunization with dextrine, 
it might be concluded that the results of Imai, as stated above, who 
could not successfully immunize the animal with seven repeated in- 
jections of 5 cc. of a 6% dextrine solution as such or mixed with 0.5 cc. 
of the inactivated pig serum, were due either to an insufficient number 
of injections or the use of an unsuitable kind of dextrines. 

Specificity of the Antibody 

After heating the immunized sera at 60°C. for 1 hour, no changes 
in the complement fixation reaction occurred. Nor was the reaction 
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influenced by carrying out the first half of the procedure of the test 
at 0°C. for 5 hour. From these facts, it may be concluded that the 
reaction is of a specific nature. 

In order to determine the specificity of the immune serum reaction 
against the above mentioned three pol3’^saccharids, I carried out cross 
tests with them. In this experiment, I used a 1.5% solution of the 
three polysaccharids as antigen. The results are shown in Table V. 
Each gave a specific reaction. 


TABLE V 

Results of the Complement Fixation Tests for the Specificity of the Immune Bodies 
Derived from Polysaccharids 


Antigen 

Soluble starch 

Inulin 

Deilrinc (D.I.) 

Amount o( scracc. 

O.l 




O.t 

0.05 


0.012 

Q 



0.012 

Soluble starch immune 







I 


i 




rabbit serum; 













No. IS 

H 

H 

H 

K 

L 

L 

L 

L 

1 L 

L 

L 

L 

No. 12 

H 

H 

K 

L 

L 

L 

L 

L 

L 

L 

L 

L 

No. 16 

H 

K 

L 

L 

L 

L 

L 

L 

L 

I L 

L 

L 

Inulin immune rabbit 













SC mm: 













No. 11 

L 

L 

L 

L 

H 

H 

H 

K 

L 

L 

L 

L 

No. 10 

L ' 

L ' 

L 

L 

H 

H 

K 

L 

L 

L 

L 

L 

No. 5 

L 

L 

L 

L 

H 

K 

L 

L 

L 

L 

L 

L 

Dextrine (D.I.) immune 




i 









rabbit serum: 













No. 29 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

11 

K 

No. 30 

L 

L 

L 

L 

L 

L 

L 

L 

H 1 

li i 

K 

L 

No. 31 

L 

L 

L 

L 

L 

h 

L 1 

L 

H 

K 

L 

L 


It maj' be noted here that the D.I. immune senun did not give anj’ 
positive reaction to D.II. or D.III. 

Verj' recently, Ken Nodzu (10^ immunized an animal with starches 
from Indian com, barley, wheat, potato, etc., and Voshio Masuda (11) 
with those from two varieties of ncc. Each of the immune sera re- 
acted most strongly against that kind of starch which had been used 
as the antigen, while against others the reaction was verv- weak. 
The authors, therefore, insisted that they could immunologically 
dificrcnliatc starches, whidi it is veiy- difficult to do by morphological 
features. 
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ANTIDODY-FOIUrATION BY POLYSACCIL\RIDS 


Fate of the Anybodies in the Animal Body 

Blood was collected from the immunized rabbits at the end of every week and 
the complement fixation test was carried out with sera heated at 60°C. for 1 hour. 
The results are shown in Tables \T, \TI and VIII. 

TABLE VI 

Results of the Complement Fixation Test with the Sera of Rabbits into TI7;ic/; Iniilin 

TTos Injected 


Day of collection of blood 

Results of tbc complement fixation with 

Serum of Rabbit 10 

Scrum of Rabbit 11 

Scrum of Rabbit 5 

1st week 

H H H K L L 

H H H II H K 

L H K L L L 

2nd week 

L K k L LL 

L H H H K L 

LKL LLL 

3rd week 

L K L L LL 

L H H K L L 

LL L LLL 

4tli week 

L L L L LL 

L H H L L L 

L H L L L L . 
L L L L L L 

5 th week 


6th week 







TABLE vn 

Results of the Complement Fixation Test with the Sera of Rabbits into Which 

Soluble Starch TI^ox Injected 


Day of collection of blood 


1st week. 
2nd week, 
3rd week. 
4th week. 


Results of the complement ILxation with 

Scrum of Rabbit 12 

Serum of Rabbit 13 

Scrum of Rabbit 14 

L HHKLL 

L H K k L L 

L K L L L L 

L L L L LL 

LK L L L L 

L L L L L L 

L H K L L L 
LKL LLL 


TABLE Vin 


Results of the Cofnplement Fixation Test with the Sera of Rabbits into Which 

Dextrine Was Injected 


Day of collection of blood 

Results of the complement fixation with 

Serum of Rabbit 29 

Scrum of Rabbit 30 

Scrum of Rabbit 28 

1st week 

K H H H H K 

L HHKL L 

L K K L L L 

L L L L L L 

L L L L L L 

LHHHICL 

2nd week 

L H KL L L 

L H K L L L 

3rd week 

L KL L LL 

LHKLLL 

4th week 

LKL LLL 

5th week 


LL L LLL 
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It will be seen that the sera in the period following the immuniza- 
tion lost their strength rapidly, those of animals weakly immunized 
giving a negative result in a fortnight, while the strongly immunized 
gave one in 6 weeks. 

Do the Polysaccharids Themselves Elicit the Formation of Antibodies? 

The above mentioned polysaccharids gave rise to antibodies, even 
when unassociated with vehicle. But is it the polysaccharids as 
such that cause the antibodies to develop, or may a trace of proteins 
co-mingled in the materials play the part of vehicle? To settle the 
matter I have carried out an experimental investigation. 

In the first place, I made Alillon’s and biuret tests upon the three kinds of 
polysaccharid solutions. They all gave a negative result. I then tried quantita- 
tive estimation of the nitrogen in the specimens after Kjeldahl’s microestimation 
method. The results were that inulin contained 0.036%, soluble starch 0.017% 
and dextrine (D.I.) 0.019% of nitrogen. 

Are the Nitrogen Contents Proteins? 

In order to find whether the nitrogenous substances are proteins 
the following experiments were carried out: 

To 200 cc. of a 2% hydrochloric acid solution 20 gm. of soluble starch was 
added, and the mixture was hydrclj-zcd by being boiled for 3 hours. The liquid 
was then ncutralyzcd and subjected to the iodine reaction test. It proved nega- 
tive. It was, therefore, certain that all the starch had been converted into glu- 
cose. For the purpose of removing the salts and glucose, some of the liquid was 
then put into a bladder and left in running water for 48 hours. Then, the remain- 
ing liquid in the bladder was evaporated to 1/10 volume. The concentrate had a 
blackish brown color, one so dark that it was impossible to make color reaction 
tests with it. It was found, however, to contain 0.01% of nitrogen on quantita- 
tive estimation. The liquid gave also a positive reaction of Heller's ring test. 

Another portion of the h 3 ’drolyzcd solution, which had been neutralized, was 
allowed to evaporate to 1/10 without being dialyzed and a quantitative estimation 
w.as made of its nitrogen contents. It was found to contain 0.01 1% of nitrogen. 
This liquid also gave a positive result with Heller’s ring test. 

From the results of the above described e.xperiments, it seems cer- 
tain that the nitrogen found in the soluble stardi solutions was protein. 

Is the nitrogen, whidi is found in inulin or de.xtrine, of protein origin? 
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This theme remains to be studied. It will probably be hard to free 
these polysaccharids perfectly from nitrogenous substances. 

From all the accessible data it might be inferred that it would be 
diflicult to determine whether or not proteins play an important part 
as the vehicle in the immunization processes, but from the following 
two facts, proteins arc suspected to be intimately related with the 
antibody production by polysaccharids. 

1. Considering the connection between concentration, dose and 
number of injections of the used polysaccharid solutions and also 
the amount of the produced antibodies, it might be judged that inulin 
gives rise to antibodies comparative^ easily. However, it is hard 
to obtain immunization, with soluble starch and dextrine. The nitro- 
gen contents of the latter two is only about one half that of the first. 

2. Comparing the results of the complement fixation tests with the 
immune sera of rabbits injected with inulin and dextrine with and 
without pig-serum, it will be seen that while tliere did not occur any 
differences with inulin, which is relatively rich in nitrogen, with dex- 
trine, wliich is poor in nitrogen, the serum of the animal treated with 
the mixture of dextrine and pig-serum gave by far the stronger result. 
(See Tables III and IV.) 

The facilities for successful immunization depend largely upon the 
natural characteristics of the materials injected and the nature of the 
animals, yet from the above mentioned two facts it may well be 
thought that there is an intimate connection between the production 
of immune bodies for polysaccharids and the association with them 
of proteins. 

The possibility arises that the antibodies demonstrated by tlie com- 
plement fixation test, might have been directed against incidental 
protein. This is rendered rather unlikely by the following considera- 
tions. 

1. As described above, the dialyzate obtained from the h 3 '’drolyza- 
tion products of the starcli solution yielded an absolutely negative 
iodine reaction, but was positive to Heller’s test. However, the com- 
plement fixation test made with this dialyzate and the anti-starch 
serum proved negative. 

2. The polysaccliarid solutions, which were used as antigens, gave 
no color reaction of proteins. Their nitrogen contents was at a 
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minimuiii and probably was not protein. Granting all of it to have 
been such, the total amount of nitrogen found in the material em- 
ployed as antigen in the complement fixation test was extraordinarily 
small. On calculation the proteins in 0.5 cc. of the polysaccharid 
solutions, which I employed in my test, would be about 8/1,000,000 
gm. in the starch specimens and 20/1,000,000 gm, in those of inulin. 
The real protein contents was doubtless but a fraction of these calcu- 
lated protein contents. It is unlikely that these traces should produce 
such a remarkable complement fixation reaction as I have obtained. 

CONCLUSIONS 

1. By complement fixation tests, it has been clearly demonstrated 
that the sera of rabbits immunized with inuhn, soluble starch and 
dextrine contain specific antibodies. 

2. All these immune sera gave a negative precipitation reaction. 

3. The kind of dextrine which has a construction very near to 
starch has an antigenic property, but those in a state of further de- 
composition do not give rise to antibodies. 

4. All the three kinds of polysaccharids have power to produce anti- 
bodies without any vehicle. Dextrine is the only one of the three 
that gives rise to immune bodies more readily when pig serum is 
added to it. 

5. Regarded as antigens, inulin stood first and soluble starch and 
dextrine next in order. 

6. All three kinds of polysaccharids that were employed gave a 
negative protein color reaction. All of them, however, contained 
nitrogen. It has been proved that the large portion of the nitrogen 
contained in the soluble starch is derived from its protein contents. 

7. It is suggested that in the production of immune bodies by these 
three kinds of polysaccharids, proteins might play the part of the 
vehicle. This is, however, still to be determined. 
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THE ANTIBODY RESPONSE IN THE HUMAN BEING AFTER 
INJECTION WITH NORMAL HORSE SERUM 

By LOUIS TUFT, M.D., akd SUSAN GRIFFITH RAilSDRLL 
{From the Research Inslilute of Cutaneous Medicine, Philaddphia) 

(Received for publication, June 26, 1929) 

During the course of an investigation of the antibody response in 
persons treated with immune sera (1-2), studies were carried out 
upon the sera of three patients who had received 50 cc. of normal horse 
serum by intramuscular or subcutaneous injection and where bleed- 
ings had been secured at close intervals. In all these cases, in contrast 
to those which had received immune sera, there was found a failure 
of antibody response and even a minor skin sensitiveness — in spite of 
the large dosage. Serum sickness had also failed to appear in these 
cases, and it was to this that the absence of circulating antibodies 
was attributed, since their production has been found, usually, to be 
correlated with the appearance of this phenomenon (1-4). 

To test this assumption, sera were studied in cases of mild skin 
lesions receiving varying amounts of normal horse serum as a form 
of non-specific protein therapy. The study was carried out in the 
same manner as in that preriously reported (1). The patients were 
bled prior to the injection and at various intervals, appro.vimately 
the same as in the immune serum cases, thereafter; and exactly the 
same procedures were carried out in the determination of the various 
tj'pcs of antibodies: precipitins, anaph}’lactic antibodies, reagins and 
the transferred guinea pig skin reaction. 

A total of 91 sera from eighteen patients were thus studied. Normal horse 
serum, without prcscn’ativc, obtained in four different lots from the pooled blood 
of six to eight normal horses was used. SWn tests to horse serum, in a dilution of 
1:10, made before treatment, were uniformly negative. Two of the patients 
received 100 cc. by intravenous injection; two, 50 cc. by intramuscular; one, 50 cc. 
by subcutaneous; seven, 50 cc. by intravenous; five, 20 cc. by intravenous; and 
one, 10 cc. by intravenous. Scrum siclmcss occurred in fifteen of the eighteen 
cases, (SjCc), in this group — an incidence about the same as that found in our 
scries of immune serum treated cases. 


•531 
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TABLE I 

Anti-Body Response in Cases Treated with Normal Horse Scrum 


;No. 

Treatment 

Interval 

after 

treatment 

Serum sickness 

Skin 

reaction 

Trails- 

nita- 

ktlstner 


Ana- 

phylac- 

lic. 

anti- 

liodics 

Prccipi- 

tins 

I 

10 cc., intra- 



Neg. 

Ncg. 

zk 

— 

— 

II 

venous 

14 days 

— 

Neg. 

— 

Ncg. 

Ncg. 

Ncg. 

III 


21 days 


Neg. 

— 

— 

— 

— 

I 

20 cc., intra- 

Before 

— 

Neg. 

Ncg. 

Ncg. 

Ncg. 

Neg. 


venous 

10 days 

Very mild 






II 


14 days 


+ + 

— 

Neg. 

— 

1:10,-}- 

I 

20 cc., intra- 

Before 

— 

Neg. 1 

Neg. 

— 

— 

— 


venous 

5 days 

Moderately 
severe, 3 days 






II 


9 days 



Neg. 

— 

— 

Ncg. 

III 


16 days 


+ + 

Neg. 

+ + 

Ncg. 

Neg. 

IV 


23 days 


++ 

— 

Neg. 

Ncg. 

— ■ 

I 

20 cc., intra- 

Before 

— 

+ 


Neg. 

Ncg. 

— 


venous 

10 days 

Moderately 
severe, 3 days 

+ 

Neg. 

Neg. 

Ncg. 

Neg. 

II 


19 days 


zt 

Neg. 

Neg. 

Neg. 

Neg. 

III 


28 days 


+ 

Ncg. 


Ncg. 

Neg. 

I 

20 cc., intra- 

Before 

— 

Neg. 

— 

Neg. 

Ncg. 

— 


venous 

8 days 

Marked, 4 









days 






n 


22 days 


+ + 

Ncg. 

1 

Neg. 

Neg. 


I 

20 cc., intra- 

Before 

— 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 


venous 

10 days 

Moderately 









severe, 3 days 






II 


14 days 


+ 

Neg. 

Neg. 

Neg. 

1:10, ± 

III 


17 days 


H- 

Neg. 

— 

Neg. 

Neg. 

IV 


21 days 


-f+ 

Neg. 

-t- 

Neg. 

Neg. 

V 


28 days 


++ 

Neg. 

+ 

Neg. 

Neg. 

I 

50 cc., intra- 

Before 

— 

Neg. 

Neg. 

Neg. 

Neg. 

— 

II 

venous 

7 days 

— 

Neg. 

Neg. 

Neg. 

Neg. 





11 days 

Severe, 5 days 






III 


12 days 


-|--H 

Neg. 

Neg. 

Neg. 

— 

IV 


16 days 


-J — [-+ 

Neg. 

Neg. 

Neg. 

— 

V 


21 days 


[ -t-++ 

Neg. 

Neg. 

Neg. 

— 

VI 


24 days 


+++ ' 

Neg. 

Neg. 

Neg. 

Neg. 

VII 


31 days 


-k-l- 

Neg. 

Neg. 

Neg. 

Neg. 
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TABLE r— Continued. 


Case No. 

Treatment 

Intcn.'al 

alter 

treatment 

Scrum sickness 

Skin 

reaction 

Praus- 

nitr- 

kustner 

Guinea 
pig car 
reac- 
tion 

Ana- 

phylac- 

tic 

anti- 

bodies 

Precipi- 

tins 

8. I 

50 cc., intra- 

Before 

— 

Neg. 

Neg. 

Neg. 

Neg. 

— 


venous 

6 days 

Marked, about 









5 days 






n 


7 days 


rb 

Neg. 

4* 

Neg. 

— 

m 


20 days 


-f-f 

Neg. 

■i — ! — k 

Neg. 

— 

IV 


34 days 


+-f 

1 

Neg. 



Neg. 

9. I 

50 cc., intra- 

Before 


Neg. 

Neg. 



— 



Same 

Marked local 







j venous 

day 

reaction 






n 

i 

7 days 


Neg. 

Neg. 

Neg. 

Neg. 

Ncg. 

in ! 


14 days 



Neg. 

++ 

Neg. 

— 

IV 


18 days 


- 4 - 1 

Neg. 

Neg. 

Neg. 

— 

10. I 

so cc., intra-' 

Before 

— 

Keg. 

Neg. 

Ncg. 

Ncg. 


n 

venous 

7 days 

— 

Neg. 

Neg. 

Ncg. 

± ' 

— 



8 days 

Severe, 4 days 






ni 


14 days 


+ 

Neg. 

4*4- ' 

— 

— 

w 


21 days 


+ 

— 


Ncg. 

— 

V 


35 days 


4- 

Neg. 

Ncg. 

Neg. 

Ncg. 

11. I 

50 cc., intra- 

Before i 

— 

Neg. 

Ncg. 

Neg. 

Ncg. 


ii 

venous 

7 days 1 

— 

Neg. 

Neg. 

Ncg. 

Neg. 

— 



10 days | 

Moderately' 









severe, 8 days 





i 

III 


14 days 


U- 

Ncg. 

4- 

Ncg. 

Ncg. 

IV 


21 days 


+-f-f 

Ncg. 

Ncg. 

Ncg. 

— 

V 


29 days 


-k-f-f-f 

Ncg. 

Ncg. 

Ncg. 

— 

\1 


39 days 


+ + + ~ 

Ncg. 

Ncg. 

Ncg. 

— 

12. I 

50 cc., intra- 

Before 

— 

Ncs- 

-U 


Ncg. 



venous 

6 days 

Moderately 









severe, 2 davs 






n 


9 days 


-r 

Ncg. 

— 

Xcg. 

Neg. 

HI 


1 6 d.ays 


4- 

Ncg. 

Ncg. 

Ncg. 


R' 


50 days 


4r 

Ncg. 

4: 

Ncg. 

Ncg. 

13. I 

50 cc., intra- 

Before 

— 

Neg. 

1 Xc- 

Ncg. 

XVe;, 



venous 

6 days !MarJ:cd, -5 












J 



II 



Nec. 

-Ncg. 

^ j 

Ncg. 1 

Ncg. 
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TABLE I — Continued 


Case No. 

Trc.itmcnt 

Intcrv,-!! 

after 

treatment 

Serum sickness 

Skin 

reaction 

Pr.aus- 

nitz- 

ktlstncr 

Guinea 
pif: car 
reac- 
tion 

Ana- 

phylac- 

tic 

anti- 

bodies 

Precipi- 

tins 

13. Ill 


9 days 


Ncg. 

Neg. 

+ 

Ncg. 

— 

IV 


14 days 


+ + 

Ncg. 

Ncg. 

Ncg. 

Ncg. 

V 


17 days 


+ + 

Ncg. 

Ncg. 

Neg. 

— 

YL 


27 days 


+ + 

Ncg. 

Ncg. 

Ncg. 

— 

14. I 

50 cc., intra- 

Before 

— 

± 

Neg. 

Ncg. 

Ncg. 

— 


muscular 

Same 

Urticaria and 








day 

marked local 






II 


7 days 


Neg. 

Neg. 

+ 

Ncg. 

— 



10 days 

Severe, 4 days 






III 


15 days 


++ 

Ncg. 

Ncg. 

Ncg. 

Neg. 

IV 


23 days 


+ 

Neg. 

++ 

Ncg. 

Neg. 

V 


30 days 

1 

1 

+ + 

Neg. 

± 

Ncg. 

— 

VI 


41 days 


d — f- 

Ncg. 

Ncg. 

Ncg. 

Neg. 

VII 


53 days 


H — H 

Ncg. 

— 

— 

— 

vin 


74 days 


++ 

Neg. 

— 

— * 


15. I 

SO cc., intra- 

Before 


Neg. 

Ncg. 


Ncg. 

— 


muscular 

Same 

Marked local 








day 







11 


9 days 


Neg. 

Neg. 

+ 

Neg. 

— 



10 days 

Severe, 4 days 






III 


17 days 


++ 

+ 

++ 

— 

1:10, ± 

IV 


23 days 


+H — H 

+ 

Neg. 

Ncg. 

1:10, ± 

V 


30 days 


+++ 


+ 

Neg. 



VI 


38 days 


+ + 

Neg. 

+ 

Neg. 



VII 


56 days 


++ 

Neg. 

+ 

Neg. 


16. I 

50 cc., sub- 

Before 



Neg. 

— 

1 

— 

— 

II 

cutaneous 

1 day 

— 

Neg. 

— 

Neg. 

Neg. 

— * 

III 


5 days 

— 

Neg. 

— 

Neg. 

Neg. 


rv 


10 days 

— 

+ + 

Neg. 

zt 

— 


V 


21 days 

— 

— 

— 

db 

+ 

— 

VI 


29 days 

— 

++ 

Neg. 

ziz 

Neg. 


17. I 

100 cc., in- 

Before 

— 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

II 

travenous 

7 days 

— 

Neg. 

Neg. 

++ 

Neg. 


III 

1 

14 days 

— 

+ 

+ 

Neg. 


1:10, ± 

IV 


20 days 

— 

+++ 

+ + 

Neg. 

Neg. 

Neg. 

V 


24 days 

— 

++ 

+ + 

Neg. 

Neg. 

Neg. 

VI 


38 days 

— 

+ + 

+ 

Neg. 

Neg. 


VII 


52 days 

— 

+++ 

+ 



— - 


H- H- 
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TAJBLE I — Condiided 


Case No. 

Treatment 

Interval 

after 

treatment 

Senim sickness 

Skm 

reaction 

Praus- 

nitr- 

kQstner 

Guinea 
pig ear 
reac- 
tion 

Ana- 

phylac- 

tic 

anti- 

bodies 

Precipi- 

tins 

18. I 

100 cc., in- 

Before 

Immediate 

± 

Neg. 

++ 

Neg. 

Neg. 


travenous 


urticaria 






n 


7 days 
11 days 

Doubtful 

Neg. 

Neg. 

+ 

Neg. 

Neg. 

m 


12 days 


Neg. 

Neg. 

+ 

Neg. 

— 

IV 


19 days 


+ 

Neg. 

+ 

Neg. 

Neg. 

V 


26 days 


++ 

Neg. 

Neg. 

Neg. 

Neg. 

VI 


32 days 


++ 

Neg. 

— 

— 

— 

vn 


35 da3^ 


+ 

Neg. 

Neg. 

Neg. 

Neg. 

vm 


54 da5^ 


+ 

Neg. 

Neg. 

Neg. 

Neg. 


The results of the antibody studies of these sera are shown in Table 
I. When the antibody response in this group is compared with 
that in which immune sera were used, the almost complete failure of 
antibody response to the injection of normal horse serum is striking, 
even though in several instances the amount injected was about the 
same as that usually used for treatment with immune sera. "l^Tien we 
consider the antibodies in particular we find that the precipitins were 
always lacking or doubtful; anaphylactic antibodies were not found in 
any case; reagins were demonstrated with very weak reactions in 
two cases, one of which was a skin case with eczema (possibly allergic) ; 
skin sensitivity, though present, was certainly less marked than in the 
former group; and the guinea pig ear-skin reaction, which in the im- 
mune serum group was usually the most consistent!}' demonstrable 
of all the reactions used, — the first to appear and the last to disap- 
pear, — was entirely negative, or weak, at best. In general, the find- 
ings for this group, when summarized and compared with those for 
sera in immune scrum treated cases, indicate an almost complete 
failure in (circulating) antibody response, when normal horse serum is 
used for treatment. 

That this failure may not be charged to variations in the conditions 
of the two e.\periments, the following observations arc offered : Several 
lots of horse serum were used during tlie c.vperimcnt, obviating anv 
special antigenic value tliat might be ascribed to the serum of an 
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individual animal; serum sickness similar in every respect to that 
occurring after immune serum injection occurred, usually in a more 
or less severe form, in as great a percentage of cases as in the first 
experiment; finally the cases for both groups were equally unselected. 

This failure to find circulating antibodies to horse serum, as such, 
after treatment with normal horse serum may be seen as presenting 
certain obstacles to that theory of the mechanism of scrum sickness 
which would correlate the clinical manifestations with the presence of 
circulating antibodies. It is to be noted however, that the studies, 
upon which these theories have been based have been carried out 
with various tj^pes of immune sera; no reference has been found in the 
literature as to the use of normal horse serum for such a study as is 
here given.* 

The relative merits of the various theories as to the basic meclian- 
ism of serum sickness have been adequately reviewed by von Pirquet 
and Schick (4) and by Coca (6) ; it is necessary only to point out, in 
view of a more or less complete failure of normal horse serum to call 
forth the production of tlie antibodies responsible for the Prausnitz- 
Kiistner reaction, precipitins, the passive transfer of the anaphylac- 
tic reaction, and the transferred guinea pig skin reaction — as shown 
in the protocol — that the theory of a basic antigen-antibody reaction 
in serum sickness is further questioned. Subsequent investigation, 
however, may afford an explanation of the parodoxical findings here 
presented. 


SUMMARY AND CONCLUSIONS 

After the injection of normal horse serum in the human being, serum 
sickness occurs even more regularly than in cases treated with the vari- 
ous immune sera, but this is not accompanied b)'’ the production, to 
any notable degree, of circulating antibodies of the various types that 
are regularly to be demonstrated after the administration of immune 
serum and its resulting serum sickness. 

Since normal horse serum therefore appears to be weakly antigenic, 
and immune serum highly antigenic for the human being, one must 

* Dr. Coca, in a private communication as to unpublished data of his study of 
serum sickness among Indians (5) following the use of normal horse serum, reports 
that he was unable to demonstrate precipitins at any time. 
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assume that this difference is the result of some alteration in its anti- 
genic characteristics produced during the course of the immunization 
or of its preparation for use; or that the specific antibody which is 
responsible for the phenomenon of serum sickness has not yet been 
identified; or that this phenomenon is not in any way dependent on 
the presence of the various known antibodies to normal horse serum. 

The authors wish to express their appreciation of Dr. Jay Trank 
Schamberg’s courtesy in furnishing access to clinical material, and to 
the Mulford Company for their generous donation of the serum used 
in the experiments. 
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THE EFFECTS OF CATHODE RAYS ON THE PROTEINS 

OF SERUM 

Bv LILLIAN E. BAKER, Ph.D., asv ROBERT B. COREY, Ph.D. 

{From the Laboratories of The Rockefeller Inslihitefor Medical Research) 
(Received for publication, June 24, 1929) 

Experiments conducted by Dr. Carrel in this laboratory revealed 
that chicken fibroblasts underwent a very characteristic change w'hen 
cultivated in serum which had been submitted to irradiation by 
cathode rays. The cells resembled in appearance those of colonies 
cultivated in proteoses or peptones. Their cytoplasm was completely 
filled with granulations but, unlike degenerating cells, they maintained 
long, sharp, active pseudopods. They did not, however, undergo the 
rapid proliferation which is caused by partially hydrolyzed protein. 
On the other hand, they multiplied slightly more rapidly than control 
tissues cultivated in portions of thesenun that had not been irradiated. 
These phenomena indicated that the cathode rays had produced cer- 
tain chemical changes in the serum, probablj' in its protein con- 
stituents. The following study was made in an attempt to ascertain 
the nature of these changes. 

The cathode rays were supplied by a Coolidge cathode ray tube,* operated at 
about 200 kilovolts (Tables I and II), and 0.2 milliampercs. The electrons did 
not penetrate more than a millimeter beyond the surface of the serum, so that the 
material was c-xposed cither directly in the form of a thin layer, or in a cell behind 
a vcr>' thin mica window. In the latter case, much longer c.xposurcs were ncces- 
sar>’, and the liquid was kept constantly stirred. 

Fifteen cubic centimeter samples of chicken plasma were coagulated on Petri 
dishes of ISO sq. cm. area and exposed in a nearly vertical position 8 cm. from the 
window of the cathode ray tube. Exposures were made for 30 and 45 minutes. 
The scrum was extracted from the irradiated plasma and also from control samples 
of coagulated plasma by grinding with sand. The ciyoscopic points were deter- 
mined and any neccssaiy correction for evaporation v.-as made. .All samples were 
analysed (1) for total nitrogen by the Prcgl* micro method, (2) for amino nitrogen 

' Coolidge, W. D., J. Frar.Hir. Ir.sl., 1926,202, G93. 

= Prcgl, F., Die QaaniimUvc Organischc Mikroanalyse. Berlin, 1923, 1 13. 
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the Van Slykc^ method, and (v3) for non-protein nitrogen by precipitation with 
trichloracetic acid and determination of the nitrogen in the fdlratc. There was a 
decided decrease in the concentration of protein nitrogen, the loss being from 32 to 
42 per cent of the quantity originally present (Table I). There was a decrease in 
amino nitrogen corresponding to the loss of protein, and a small but significant 
increase in non-protein nitrogen of 15 to 42 mg. per 100 cc. (Table II). Since the 
protein which had disappeared did not appear in the non-protein fraction, it had 
evidently become insoluble and had been removed with the fibrin in transforming 


TABLE I 


EJJcct of Cathode Rays on the Concentration of Protein Nitrogen in Scrum 





Concentration of protein nitrogen 

Rind of serum used 

Time of 

VoUape in 
kilovolts 

In control 
sera, mg. per 
100 cc. 

In irradiated 
sera, mg. per 
100 cc. 

Dccrc.asc 


mt;. per 
100 cc. 

per cent of 
original con- 
centration 


miiu 






Chicken semm from 
irradiated plasma 







1 


210 

474 

273 

201 

42 

2 


210 

399 

243 

156 

39 

3 


195 

664 

454 

210 

32 

Chicken serum irradi- 
ated as such 







4 

hrs. 

2h 

160 

555 

510 

45 

8.1 

Ox serum 







5 

5 

180 

1,135 

1,015 

120 

10.6 

6 

3 

180 

1,130 

1,110 

20 

1.8 

7 

3 

195 

1,146 

1,066 

80 

7.0 

8 

3 

195 

1,204 

1,144 

60 

5.0 


the plasma to serum. This supposition was substantiated in later experiments in 
which serum itself was irradiated. 

Aflat, vertical ceU of about 20 cc. capacity was used for the irradiation of serum. 
The rays were admitted through a mica window 0.01 mm. thick and about 7 sq. 
cm. in area. Vigorous stirring was effected by means of a glass paddle. The time 
of irradiation varied from 2 -J- to 5 hours (Tables I and II) . 

Both ox serum and chicken serum were irradiated in the cell. The chemical 
changes observed were strictly analogous to those noted in the serum from tlie 


3 Van Slyke, D. D., J. Biol. Chem., 1912, 12, 275. 
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irradiated plasma (Tables I and 11) . During the course of the irradiation, a tough 
coating of 3 'eUowish-bro'wn solid formed on the window of the cell. It was in- 
soluble in dilute acids and alkalies, unchanged by alcohol and ether, but dissolved 
in concentrated nitric acid. The serum removed from the cell was distinctly 
opal^cent, but no separation of solid material was obtained when it was centrifuged 
for a half hour, at 36,000 r. p. m. at 12 cm. radius. 

The solid which collected on the window of the cell was dried and weighed. 
Analysis showed it to contain 1 1.8 per cent nitrogen. The decrease of nitrogen in 


TABLE n 

Ejffect of Cathode Rays on the Concentration of Non-Protein Nitrogen in Serum 





Concentration of non-protein nitrogen 

lUnd oi serum used 

Time of 
exposure 

1 

Voltage in 
kilovolts 

In control scra» 
mg. per 100 cc. 

In irradiated 
sera, mg. per 
100 cc. 

Increase, 
mg. per 100 cc. 


min. 





Chicken serum from 
irradiated plasma 






1 


210 

66.0* 

lOS.O* 

42.0 

2 


210 

26.9* 

42.1* 

15.2 

3 


19S 

92.0 

107.0 

15.0 

Chicken serum irradi- 
ated as such 






4 

hfs. 1 

21 

160 

10.5* 

14.7* 

4.2 

Ox scrum 





5 

5 

ISO 

43 

72 

29 

6 

3 

ISO 

59 

79 

20 

7 

3 

195 

45 

96 

51 

S 

3 

195 

46 

77 

31 


* Precipitation by trichloracetic acid. 


the total amount of serum irradiated was equal, within the limits of c.tperimcntal 
error, to that which separated in the solid material. 

In order to ascertain whether the cathode rays were affecting the 
albumin or the globulin of the sera, samples were analyzed for their 
albumin and globulin contents by predpitation wdth 22 per cent sodium 
sulfate at o3 C. In the ox serum, there was an average decrease in 
albumin corresponding to 600 mg. of nitrogen per 100 cc., or SS per cent 
of the albumin originally present. In the globulin fraction, there was 
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an apparent average increase of 475 mg. of nitrogen per 1 00 cc. It could 
readily be shown, however, that this apparent increase in the globulin 
fraction was not caused by the formation of globulin, but rather by the 
production of denatured albumin which, like globulin, precipitates with 
22 per cent sodium sulfate. This was demonstrated by a test on some 
crj’-stalline egg albumin, about 40 per cent of which was denatured by 
heating at 40°C. In this sample of albumin, exactly the same quan- 
tity was precipitated by sodium sulfate as by adjusting to tlie iso- 
electric point of denatured albumin. In the chicken serum, there was 
a decrease in the globulin fraction as well as in the albumin fraction, 
showing that globulin also is converted to insoluble material. 

Irradiation of solutions of pure proteins showed that the changes 
observed in tlie sera were properties of the proteins as such, and not 
dependent on the presence of other constituents of the serum. 

Samples of crj'stalHnc egg albumin recrj'stallizcd three times, egg globulin 
precipitated twice with ammonium sulfate, and casein dissolved in 1 per cent 
sodium carbonate, were irradiated. In each case, a tough, insoluble deposit was 
formed on the window of the cell and a small amount of non-protein nitrogen was 
produced. About 92 per cent of tlie albumin was denatured. Fiftj'-nine per cent 
of tlie globulin and 11 per cent of the casein separated as insoluble material. 
I\4ien the albumin was irradiated in 0.9 per cent salt solution instead of water, more 
of the denatured material remained in solution. This fact explains the apparent 
increase of globulin in the irradiated sera, which was noted above. Further e\d- 
dence of denaturation was given by a positive nitroprusside reaction in the irra- 
diated albumin. 

It is interesting to note that the chief effect of cathode rays on 
proteins is similar to that of ultraviolet light observed by Harris,'’ and 
of sunlight as observed by Young.® 

Although the change of greatest magnitude brought abo'ut in the 
proteins by means of the cathode rays was that of denaturation, tliere 
was, as stated above, both in serum and in pure protein solutions a 
small increase in the non-proteiri nitrogen. In order to ascertain 
whether this should be ascribed to hydrolytic cleavage of the protein 
molecule or to some other type of change, an attempt was made to 
determine the nature of the products formed. 

^ Harris, L. G., Proc. Roy. Soc., Series B, 1923, 94, 426. 

® Young, E. G., Proc. Roy. Soc., Series B, 1922, 93, 235. 
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The separation of proteins from their hydrolytic products depends upon their 
relative solubilities in various reagents. As shown by Hiller and Van Slyke,® 
sodium tungstate precipitates a large amount of the intermediate proteolytic 
products, such as the proteoses, while 2i per cent trichloracetic acid allows a much 
larger proportion of these to remain in solution. Unpublished experiments 
carried out in this laboratory indicate that 1\ per cent trichloracetic add as 
recommended by Hiller and Van Slyke,® and even 2 per cent trichloracetic add as 
used by Wasteneys and Borsook,’^ predpitate not only the original protein, but 
also substances formed from it which do not possess all the properties of the 
original material. Since it seemed likely that any hydrolytic cleavage of the 
protein produced by cathode raj's would result in large fragments of the protein 
molecule, the probability existed that such products would be precipitated with 
the protein by trichloracetic add. An attempt was therefore made to see if 
removing the protein by coagulation with heat at its isoelectric point would give 


TABLE in 

Comparison oj Non-Prolein Nilrogen in Irradiated Sera as Determined by Trichlor- 
acetic Acid Precipitation and by Heat Coagulation 


Precipitation by trichloracetic acid 

j Heat coagulaticin of protein at pH S.6 

Control, in;*, per 
lOOcc, 

Erperiment, mg. 
p« 100 cc. 

Increase on irra- 
dialioD, mg. per 
100 cc. 

1 

Control, mg. per 
100 cc. 

Experiment, 
mg. per 100 cc. 

Increase on irra- 
diation, mg. per 
100 cc. 

43 

58 i 

i 

13 

43 

72 

20 

39 

SO 

11 

59 

79 

20 

25 

36 

11 

45 

96 

51 


any further evidence of the formation of such protein-like degradation products 
by the irradiation. 

Two cc. of the irradiated scrum and its control were diluted to 20 cc. with water. 
The pH was then adjusted to from 5.5 to 5.6, and the solutions heated to 100°C. 
for 2 minutes. As 5.5 is the isoelectric point of serum globulin and 5.4 that of 
denatured scrum albumin, tliis procedure seemed best adapted for removing the 
protein by coagulation. The solutions were filtered and the filtrates analyzed for 
nitrogen by the PregP micro Kjcldahl method. The concentration of nitrogen in 
these filtrates was higher than that in the filtrates from the trichloracetic acid for 
both the controls and the irradiated sera, and, moreover, the dificrcncc between 
the irradiated and the controls was also larger (Table HI) , These results indicate 
that products are formed by irradiation whicli arc thron-n down with the protein 
when trichloracetic acid is used for precipitation. 

These filtrates, and also the filtrates from the trichloracetic add predpitation, 
were analyzed for amino nitrogen by the colorimetric method of Folin.* In both 


’■ Hiller, A., and Van Slyke, D. D.,/. Bid. Chm., 1922, 53, 253. 

• W'aslcncys, H., .and Borsook, H., /. Bid. Chem., 1924-25, 62, 1. 

* rolin,0.,J. Bid. 1922,51,577. 
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cases, the filtrates from the irradiated sera contained a liighcr percentage of amino 
nitrogen than those from the corresponding controls. This difference amounted 
to from 1 to 3 mg. per 100 cc. It is evident, therefore, that a slight hydrolytic 
cleavage of the protein molecule takes place, although it is very small in comparison 
with the amount of protein denatured. 

Tests were also made on the non-protein fraction of the irradiated sera for 
changes in the ammonia and urea concentrations. A slight increase in ammonia 
occurred, but no increase in urea. In some cases, the very small decrease in 
urea of 1 mg. per 100 cc. indicated that some of the ammonia might be derived 
from that source. When a 0.1 per cent aqueous solution of urea was irradiated for 
3 hours, 11.4 per cent of the urea nitrogen was transformed to ammonia. 

SUMM/VRY AND DISCUSSION 

The effects of cathode ra3^s on the proteins of serum appear to be 

(1) denaturation of a large proportion of the albumin and globulin 
with the formation of products that are soluble at the pH of the serum; 

(2) the production of a tough and exceedingly’- insoluble substance on 
the window of the cell where most of the absorption of electrons occurs; 

(3) a slight hydrolytic cleavage of the protein molecule producing a 
small quantity of products ha-ving properties so near to those of the 
protein that they are precipitated by trichloracetic acid but are not 
removed by coagulation at the isoelectric point; (4) the production of a 
small amount of hydrolytic products not precipitated by trichloracetic 
acid; and (5) the formation of a small amount of ammonia, part of 
which at least is derived from the urea in the serum. 

It is interesting to note that these changes are such as would bring 
about exactly those effects on fibroblasts which \vere observed when 
cultures were grown in serum which had been subjected to cathode ray 
irradiation. The proteins of serum have a retarding effect on the 
growth of fibroblasts.® We might, therefore, expect their removal by 
denaturation and coagulation to result in the slightly larger growth 
which was observed. The production of SH groups in the denatured 
protein molecule would also tend to have a beneficial effect, as has been 
observed in experiments with denatured albumin. A concentration 
of protein split products equal to that in the irradiated sera has been 
observed to produce cells of characteristic appearance, full of cyto- 
plasmic granulations and possessing long, active pseudopods, such as 
those noted in colonies cultivated in serum which had been subjected 
to cathode rays. 



CELL PROLIFERATION RESPONSE TO SULFHYDRYL IN 

MAMMALS 


By F. S. HAMMETT, Ph.D., and S. P. REIMANH, M.D. 

{From the Research Institute of the Lankenau Hospital, Philadelphia) 

(Received for publication, June 29, 1929) 

Studies made at this Institute during the past two years have 
brought out the fact that the sulfhydryl group is an essential stimulus 
to cell proliferation in simple types of plants and animals (root-tips 
and Paramecium) (1 : 2). The practical and theoretical bearings of this 
finding are clear. They have been briefly outlined in the papers 
cited and elsewhere (3:4). It remained to test whether the principle 
developed from the work with the simple forms would be demonstrable 
in more complex and highly developed species. Not that there was 
any doubt as to the essential validity of the principle, but it was felt 
that its exhibition in mammals aa’ouW strengthen the theoretical 
position by extending the boundaries of support, and at the same time 
proynde a basis for one phase of its practical application, namel}'', to 
the healing of wounds. 

It was decided to combine these two aspects of the problem within 
a single bracket. Consequently tluo-glucose was chosen as the com- 
pound to be tested. The choice was based on the fact that this 
substance contains the cell proliferation stimulating -SH group 
attached to the natural sugar glucose which presumablj* would pro- 
vide an easily ulilizable source of energ}- for the multipljang cells. 
Thio-glucose possesses other advantageous properties. Its sodium 
salt is fairly casih’ prepared in high degree of purity (5) in crj-stallinc 
form. This is quite soluble in water and on neutralization with HCl 
yields the free -SH compound which is reasonably stable at a phosphate 
bufTered pH of 6.S if kept cool and in a dark place. The compound as 
made by Dr. Gerrit Toennies, chemist to the In.stilutc, was used in a 
concentration of 1 : 10,000 in the experiments to be described. 



446 


CELL ^PROLIFERATION AND SULFIIYDRYL 

Male albino rats of about 100 grams weight served as the test 
objects. The procedure was as follows. 

The rat was anesthetized with ether or urethane and the liair removed from the 
back or abdomen by clipping and shaving. Two appro.vimatcly circular pieces of 
skin, -J inch in diameter, were then cut out on opposite sides of the depilated 
area, taking care that no muscle or fascia was removed therewith. 

Each wound was then covered with a small piece of gauze on whicli was placed 
a small wad of absorbent cotton. This dressing was covered with a square of thin 
rubber dam sealed with collodion to the body surface so that communication 
between the two wounds was prevented. A small hole cut in the dam over the 
cotton wad allowed the application of the test and control solutions to the two 
wounds respective^". The whole was held in place by an appropriate strip of 
adhesive tape encircling the body and suitabl}" perforated over the dressings. 

The test solution contained sulfur in 1:10,000 concentration as thio-glucose 
liberated bj" HCl from sodium-thio-glucose. This was buffered to a pH of 6.S 
by 1.0 cc. Sorensen’s phosphate mixture to 100 cc. solution. The control solution 
contained glucose, NaCl, and phosphate mixture in concentrations equivalent to 
those of the test. 

Each of the two wounds was kept moist with one of the solutions by simul- 
taneously saturating the dressing therewith ever}" two or three hours for a period of 
48 to 72 hours. At the end of this time the dressings were removed and the results 
recorded. Whicli solution contained the thio-glucose was unknown to us until this 
had been done, the information being solely in tlie hands of the chemists. 

Three series of experiments were run wth ten, eight, and seven 
rats respectively. 

In the first series, eight out of the ten rats showed a distinct accelera- 
tion of wound healing on the side to which thio-glucose had been 
applied. In the second lot six out of the eight were similarly affected, 
and in the third six out of the seven. In the last two series the failures 
could be attributed to the fact that the rubber dam barrier between 
the wounds was not complete and intermingling ■ of the solutions 
occurred. 

The evidences of more rapid healing were as follows: More rapid 
contraction of the edges of the wound; lack of bleeding on removal of 
the gauze; obviously greater cellular growth over the surface of the 
wound; and in some cases inability to remove the gauze because of its 
interpenetration by the new growth. 

The accompanying photograph demonstrates some of these points. 
The lower wound which had been treated witli the control glucose 
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solution was raw and showed but little e^^dence of healing. The 
gauze though in close contact with the raw surface lifted off easil}^ 
The upper wound, to which the thio-glucose had been applied, was 
dr)^, the area was diminished, and the cells had so groAra on to 
and -^wthin the meshes of the gauze that its removal without tissue 
destruction was impossible. 

The advantage possessed by the sulfh3'^dr}d-treated wound was in 
general maintained, this coming to complete healing some days before 
that of the control side. 



Fig. 1. Photograph showing accelerating inlluence of sulfhydryl on cell pro- 
liferation in the rat. 

Like stimulation of cell proliferation in man has been obtained. A 
report of the clinical application of these findings to wound healing is 
being prepared by Reimann. 

SLM.MARY AND CONCI.C.SIONS 

'J'hese e.xperiments establish the fact that the sulfhvdrvl group is 
stimulative of cell proliferation in mammals as in lower organisms. 
The fact that the stimulation is e.x’hibited in such a wide diver-itv of 
species including both plants and animals is jusiificaiion for the belief 
that it is the e.xpression of a fundamental biological phenomenon. 
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The literature and discussion of the subject are to be found in the 
papers cited. 
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ANTIBODY AND AGGLUTININ IN PNEIBIOCOCCUS 
PNEUMONIA* 

By FREDERICK T. LORD, jSI.D., akd GEORGE E. NESCFIE, JI.D. 

{From the Medical Laboratory and Sendees of the Massachusetts General 
Hospital, Bostoii) 

(Received for publication, July 1, 1929) 

Though a number of investigators have studied the appearance of 
antibody and agglutinin during pneumococcus infection in man and in 
animals, it has seemed desirable to pursue the matter further. For 
this purpose, we have used blood obtained from patients with Tj^es 
I, II and III pneumococcus pneumonia at the hlassachusetts General 
Hospital and from the private practice of one of us. Through the 
kindness of Dr. H. A. Christian of the Peter Bent Brigham Hospital 
and Dr. W. H. Robey and his associates of the Boston City Hospital, 
we have also had the opportunity to investigate the blood of patients 
in these institutions. We are especially indebted to Dr. ]Max%ve]l 
Finland of the Boston City Hospital and to Dr. George Walker of the 
Peter Bent Brigham Hospital for obtaining blood from patients in 
these hospitals. We are indebted to Dr. Lloyd D. Felton of the 
Harvard ^Icdical School for his kindness in furnishing virulent 
cultures of the pneumococcus and for man)' helpful suggestions. 

Method 

Tests for antibody were made by inoculating intraperitonc.'illy each of 14 mice 
with 0.2 cc. of thcpalienl’s scrum plus 0.3 cc. of one per cent peptone solution, and 
directly after this with dilutions of a highly virulent culture of pneumococcus of 
the s.ame tryie as that found to be the cause of the pneumonia. For this purpose, 
seven dilutions of an eighteen hour beef heart broth culture of the organisms were 
made as follows:— 1 : 100, 1 ; 1000, 1 : 10 ,000, 1 : 100,000, 1 ; 1 ,00-0,000, 1 : 10,0i70.000 


• nds investigation was made with .as.dstance from the Proctor Fund of Harvard 
University, the Committee on Tnerapcutic Research, Coundl on Pharmacy and 
Chc.m:5try, .•\mc.'ican Medical .-Vssodation, .a.nd Mr. Herbert X. Straus of .N'ew 
York. 
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and 1:100,000,000 and 0.5 cc. of each of these dilutions injected into each of two 
mice. 

' The tests for antibodj’ were thus done in duplicate. In addition, no serum was 
given to two mice used as controls, one receiving 0.5 cc. of 1 : 10,000,000 and the 
other the same amount of 1 : 100,000,000 dilution of the culture. All mice were 
observed for 96 hours. We have regarded the sur\dval of 1 mouse of the series 
inoculated with the patient’s serum and organisms as an indication of protection. 
This seems reasonable in view of the death of the control mice and the fact that 
in all patients whose blood was tested before treatment within the first 5 days of 
the illness no protection was found. We realize a possibility of error in this, but 
such error would change the finding in onlj' 3 out of 57 patients. 

Tests for agglutinin were made with suspensions of living or dead homologous 
pneumococci at varying dilutions (1:2, 1:4, 1:8, 1:16, 1:20, 1:40, 1:80, 1:100, 
1:200. 1:500) of the patient’s serum according to the method of Arlj’le Noble 
(/. Bact., 14, 287, Nov., 1927), who uses small amounts of serum and concentrated 
suspensions of organisms. It was found that the tests were easier to read after a 
half hour of incubation, and this variation in the technique was made. 

The blood of 57 patients was investigated for both antibody and 
agglutinin. On 46 of the series from two to fifteen tests were made. 
In the specifically treated cases the first sample of blood was taken 
before serum was given. Blood for subsequent tests on these cases 
was taken not sooner than eight hours after the administration of 
serum. Only 1 observation was made on 1 1 patients. 

The results may be sketched as follows: — 

Ohsermtions on Antibody in Pnenmonia 
Time of appearance of antibody during the disease 

Our observations confirm those of other investigators in the foding 
that antibody in untreated cases appears at or about the time of the 
fall in the temperature. Of 49 patients to whom no serum had been 
given to the time the test was made none were found to have protection 
before the sixth day. Of 6 patients not treated with serum and tested 
at the time of the temperature fall only 1 failed to show antibody. 
The earliest time of appearance in the untreated group was the sixth 
day in 2 patients in whom the temperature fell within the next twenty- 
four hours. 

In the treated group protective substances were frequently demon- 
strated after the use of Felton’s antibody at a time in the course of the 
disease when protection would otherwise not be expected. 
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Behavior of Antibody during Convalescence and in Complicated Cases 

Nineteen patients -witli antibody at the time of the fall in tempera- 
ture were tested during convalescence. Protection was present in 
8 from a few days to a week, in 2 into the second week, in 3 into the 
third, in 4 mto the fourth, in 1 into the fifth and in 1 into the ninth 
week. In 11 of these cases no further tests were made. The remain- 
ing 8 showed that the antibody, previously present, was absent in 2 
in the first, in 1 in the second, in 2 in the third, in 2 in the fifth and in 1 
in the eighth week. 

Four other patients who had had pneumonia 7 to 13 months pre- 
viously, but had not been tested during the course of the disease, 
failed to show antibody. 

In addition to the patients already referred to, 1 with unresolved 
pneumonia was found to have protection from the fifth to at least the 
forty-ninth day after the onset of the disease. His febrile course 
lasted 43 days. One patient with pneumonia and empyema was 
first tested 3 weeks after the estimated onset of the illness. At 
this time, he had antibody which persisted for at least four weeks 
longer. Another patient had empyema following pneumonia and had 
developed antibody when first tested, but died three days later of 
pneumococcus endocarditis, eighty-six days after the onset of the 
illness. 

In our small scries the duration of antibody after the fall in the 
temperature was variable. There appears to be no difference in its 
duration in those with and those vfthout specific treatment. In the 
treated group, early or late treatment seemed to have no influence on 
its persistence. 

The e.xplanation of the disappearance of antibody in certain cases 
and its persistence in others is not dear. The presence of an unre- 
solved pneumonia, or such complications as empyema or pneumo- 
coccus endocarditis, may have been responsible in certain cases, but in 
others no explanation is apparent. 

Relation of Antibody to the Outcome 

Of 35 patients who showed antibody at some time during the course 
of the disease, 29 recovered and 6 died. Of the 29 who recovered, 
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antibody was present at the time of the fall in the temperature in all. 
Of the 6 fatal cases, all were treated, none before the fifth day. One 
had empyema and pneumococcus endocarditis and another cardiac and 
renal complications. There were nO obvious complications in the 
remaining four. All 6 had demonstrable antibody to witliin thirty- 
six hours of death. 

Of 6 patients without protection during the course of the disease 
5 died and 1 recovered. None were specifically treated. The patient 
who recovered failed to show antibody during the last three days of 
the disease and when tested five times during a subsequent period of 
twelve days. 

Ohscroatious on Agghtiinin in Pneumonia 

The behavior of agglutinin was much the same as that of antibody. 
Wlien present during the disease in patients without specific treatment 
it was first demonstrated at the time of the crisis or lysis. It was 
frequently demonstrated in specifically treated patients earlier than 
would otherwise be expected. It was present in all but 4 of 27 patients 
at the time of the fall in temperature. During the post-febrile 
period agglutinin was usually found to persist for a shorter period 
than did antibody. 

V alue of T estsfor Agglutinin as an Indication of the Presence of A ntihody 
during the Course of the Disease 

Inasmuch as tests for agglutinin in the patient’s blood are not 
diflicult to perform the question arises whether the presence or 
absence of agglutinin may be useful as an indication of the presence or 
absence of antibody and the control of dosage of specific serum. In 
an attempt to answer the question, we have correlated the findings 
with respect to these two substances in 32 patients. Agglutinin and 
antibody appeared simultaneously in 8. Agglutinin preceded anti- 
body in 5 cases, in 3 of these by one day and in 2 by two days. In 
2, agglutinin was present without antibody at any time during the 
course of the disease. Of the remaining 17 patients, in 9 antibod}’’ 
preceded agglutinin by one day in 3, by two days in 1. b}’’ three days in 
4 and by four days in 1. In 8 patients antibody was present without 
demonstrable agglutinin in repeated tests. 
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Agglutinin may be present even in high titer without any demon- 
strable antibody and conversely there may be abundant protective 
substances without demonstrable agglutinin. In 7 of 32 patients the 
presence of agglutinin if interpreted as an indication of the presence of 
antibody, would have led to an erroneous conclusion regarding treat- 
ment. Agglutinin, therefore, is unreliable as a control of dosage. 
The clinical aspects of the case seem to us a better means of judging 
the desirable amount of serum and the frequency with which it should 
be administered. 


CONCLUSIONS 

1. Protective substances and agglutinins were not demonstrated 
in the blood of patients with pneumonia untreated with serum before 
the fall in the temperature by crisis or lysis. 

2. Protective substances and agglutinins were frequently demon- 
strated in serum treated patients during the course of the disease. 

3. Protective substances and agglutinins were usually present at the 
time of the temperature fall in patients untreated with serum and 
persisted for days or w'eeks thereafter. 

4. Protective substances have an important bearing on the outcome. 
A large proportion of those with protection recover and a large propor- 
tion without it die. 

5. Agglutinin and antibod}’’ may appear simultaneously or one may 
precede or be present without the other. 

6. Tests for agglutinin are unreliable as a control of dosage of specific 
serum. 
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In the older literature on verruga*'--^*^ are found statements that 
in endemic centers the disease may sometimes occur spontaneously in 
domestic animals, particularly horses, mules, dogs, and pigs. That 
distinct differences in the appearance of the nodular lesions existed, 
or were thought to exist, among these animals, is apparent from the 
fact that they were used as criteria for describing certain tjqies of 
lesions in man; for example, the deep-seated, bulky lesions were, and 
still are, called "mular” or “mulaire,” whereas the superficial ones 
were sometimes referred to as “verrugas de caballo” (verruga of 
horses). The variation in appearance of the nodules seems to have 
been accepted by tradition, since careful descriptions of verruga in 
animals cannot be found, and actual records of e.vperimcntal inocula- 
tions in the closely related spcdes of horses, mules, and donkeys are 
apparently verj’’ rare. The e.\periment of RibejTO, IMackehcnic, and 
Arce,‘ in 1913, vith a donkey, is the only one of the kind on record. 
The animal was inoculated by scarification of the skin at the inner 
canthus of the eye, and on tlie nose, with the “pulp” of a verruga 
nodule obtained from a patient. After 21 daj's the skin at the sites 
of inoculation showed papules 3 to 4 mm. high, which increased only 
ver}' slighlh' in size during the ne.\-t 6 days. Then they began to 
regress and after 11 days had entirely disappeared. The reaction 
seems to liave been a verj' mild local one. 

In their attempts to find an animal susceptible to Bartonella haclll:- 
fortnis, Noguchi and Battistini' tried ringtail, rhesus, Java, and green 
monkeys, dog.-, rabbits, mice, rats, and guinea pics, and found that 
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results were definite only in the rhesus monkey. Later, experiments 
were started (Noguclii) in dogs, horses, and donkeys, the results of 
wliich are recorded below. In the dog mild verruga was induced, in 
the horse and in burros the results were negative so far as concerned 
the production of true verrugous skin lesions; in the horse and in one 
burro there was induration at the sites of inoculation, which lasted 3 
to 4 weeks, but BarloncUa hadUiJormis was not recovered from 
the lesions. Further experiments, with donkeys, have been more 
successful. 

Dog 1, female, inoculated March 23, 1926, intradcrmally, on eyebrows and 
abdomen, with (a) a mixture of 4-weeks old cultures, 1st and 2nd generations, 
grown on blood agar slants and leptospira medium, from the blood oi-M. rhesus 
14,^ a chimpanzee,^ and M. rhesus 18,* and (b) a saline suspension of nodular 
tissue e.xdsed* from Hf, rhesus 18. 2 cc. of the culture mixture were injected 
intravenously. Small nodules developed after 8 days at the sites of culture 
inoculation, but none at the sites inoculated with nodule suspension. Four days 
later one of the nodules had readied a diameter of 0.5 cm. and was cxdsed.* 
BarioncUa bacillifonnis was recovered in culture from a suspension of the tissue. 
Blood cultures made at this time were negative. 

Microscopic cxaminalion of nodular tissue; In the spaces among tlie thick col- 
lagen fibers of the dermis there is a proliferation of endothelial cells. This process 
is chiefly diffuse, but small foci also are found. There is also a considerable poly- 
nuclear exudate and a moderately extensive plasma cell exudate. Except for 
the latter findings, the lesion is histologically similar to the lesions produced in 
monkeys by Bartonella bacilliforvtis. 

Colt, about 3 years old. Inoculated March 30, 1926, intradermally, at two sites 
on the left flank, with mixed cultures (from blood agar slants and semisolid 
leptospira medium) of Bartonella bacillijormis. There was no diange in the 
animal’s temperature, which was normally 100.4'’F. (38°C.), and blood culture 
was negative 8 days after inoculation. After 20 da 3 ’^s there was definite induration 
at the sites of inoculation, which disappeared within the next two weeks. A 
second inoculation was made at 4 sites on the neclc, on April 22, witli the material 
inoculated on that day into Donkej’- 1. After 4 to 6 daj^s there was marked indura- 
tion at the two sites of culture inoculation, but none at the sites inoculated with 
nodular tissue and blood, and there was no fever. 

Donkey 1. Inoculated April 22, 1926, at 4 sites on the left flank and 3 on the 
left side of the neck, with (a) IS-day culture from blood agar slant, 5th generation 
from M. rhesus 7,* (b) 14-day culture on leptospira medium, 1st generation from 
M. rhesus 29,® and (c) saline suspension of nodular tissue from M. rhesus 18,* 


All operations were performed under ether anesthesia. 
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and (d) citrated blood from M. rhesus 25.® 8 cc. of the mixture were injected into 
the jugular vein. There was no change in the animal’s temperature, which 
remained at about 100°F., and blood culture was negative 4 days after inoculation. 
At this time there was marked edema along the neck and flank and at other 
points remote from the sites of inoculation. After 8 days there was definite 
induration at the inoculated sites, and one of the "nodules” was removed for 
culture and section. Bartonella bacilliformis was not recovered from the suspen- 
sion of tissue, nor were the organisms seen in the sections. Histologically, how- 
ever, the section has the appearance of that from a very early verruga lesion. 
Several minute foci of endothelial cell proliferation are present in the deep portions 
of the dermis, and there is a tendency to the formation of sheets of cells and capil- 
laries. A moderate polynuclear infiltration is also present. 

In the second donkey the inoculation gave rise to edematous areas 
remote from the areas of inoculation, but there was very little reaction 
at the inoculated sites. 

Donkey 2, inoculated Nov. 30, 1926, intradermally, on the left side of the neck, 
and also intravenously (4 cc.), with 8-day cultures of Bartonella bacilliformis 
grown on blood agar plates. There was no change in the animal’s temperature, 
which remained slightly below or above 38°C, Rather large, fluctuating swellings 
appeared within 48 hours on various parts of the body, one on the side of the back, 
and others on the flank and abdomen. Blood culture was negative 72 hours 
after inoculation, and also after 20 dai-s. The swellings were still present 2J 
months later, and one was punctured; the aspirated fluid was sterile. \ piece 
of tissue, removed from another “nodule” at this time for section, was histo- 
logically negative. Si.\ weeks later a saline suspension of tissue from one of the 
"nodules” was inoculated into rhesus 30, with negative results, both as to blood 
culture and local lesions. The animal’s appearance was nearly normal 284 days 
after inoculation. Its weight at this time was 440 lbs. Reinjection of the animal 
8 months later, that is, a year and a half after the origin.aI inoculation, with live 
cultures, produced the same reaction as before, and in this instance there were 
generalized small scaly eruptions all over the bodj’, which persisted about a week. 

Tlic results in Donkey 2 were difljcult to interpret, and two more 
donkeys were inoculated, one with killed cultures of liarloitcUa hcdlli- 
Jormis, and the other with a filtrate of living cultures. The reaction 
in these two animals was mucli the s.ame as in Donkey 2. In the 
animal receiving the filtrate (Donkey 3) the swellings appeared within 
72 hours after inoculation (Fig. 1); in Donkey 4, inoculated with 
heat-killed cultures, they did not develop fully until about 10 d.ays 
after inoculation. In both, however, they pcrsi.stcd for sevcml Wfck.«. 
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The study of sections made from the swollen areas yielded no c.x- 
planation of the phenomenon which occurred in these two animals. 

Donkey 3, weight about 500 lbs., injected April 4, 1928, intravenously, with 
filtrate (Berkefeld V) of 14-day cultures of B. hacilUJormis. The temperature 
was 102.4°F. late in the day of inoculation, but thereafter remained a few tenths 
of a degree below or above 100°. Large raised areas developed in 72 hours, as in 
Donkey 2 (Fig. 1). Blood culture was negative 9 daj’s after inoculation. Control 
rhesus monkej’S (injected with the same material, intravenously and intradermally) 
developed no skin lesions, and blood cultures were negative. Cultures of the 
inoculated material also proved its sterility. 

Donkey 4, 650 lbs., injected April 16, 1928, intravenously, with cultures of 
Barlonclla badllifonuis killed by heating 30 minutes at 60°C. This material was 
proved sterile by culture tests and animal inoculation. The animal’s hide was 
not perfectly smootli, and the natural prominences were outlined with a skin 
pencil before inoculation. 10 days after inoculation this animal was found to have 
developed the same swellings as Donkeys 2 and 3, but they were less marked. The 
appearance of the animal 25 days after inoculation was similar to that of 
Donkey 3. A piece of tissue removed from a swelling on the left side of the animal 
8 months after inoculation was found on microscopic e.\amination to consist 
solely of fat tissue. 

The donkeys used in the first four experiments were of the small 
(440-650 lbs.) light gray variety commonly known as the “burro.” 
The fifth donkey, in which definite verruga lesions were produced 
(Fig. 3), was a larger animal (800 lbs.) and brown in color. So far 
as can be ascertained, however, the species is the same. 

Donkey 5. Weight 800 lbs. Five intradermal injections were made, on Jan. 
5, 1929, with a mixture of living cultures of the 5 strains of Bartonella bacillijonnls 
on hand in the laboratory,^ two into the skin of the left flank, two on the right 
ear, and one on the left ear. 10 cc. of the same mixture were injected intra- 
venously. The material produced, on injection into tlie skin of the ears, swellings 
about 1 cm. in diameter, which did not subside but slowly increased in size, so 
that after 6 days they were 2 cm. in diameter and 12 mm. high (Fig. 3). They 
were dome-shaped and slightly fluctuant. The skin over them remained intact 
and was of the normal black color of the donkey’s ear. The sites of inoculation 
on the flank secreted a clear serous liquid for a few days, without papule or nodule 
formation, and then completely healed. 

The animal continued to receive intravenous injections of mixed strains of 
living cultures of Bartonella bacillifornns, 20-30 cc. at each dose, twice a week 
for 14 weeks, the idea being to produce, if possible, a strong local and general reac- 
tion, in the hope of obtaining an immune serum for use in otlier experiments. 
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After the nodules on the ears had reached a diameter of 2 cm. they remained 
stationary for a period of 3 weeks, after which they gradually became smaOer 
until at 72 days after inoculation they were invisible. Blood cultures were made 
repeatedly throughout the period of observation and yielded uniformly nega- 
tive results. 

One of the nodules on the right ear was aspirated on the 22nd day after inocula- 
tion and slightly less than 1 cc. of turbid liquid obtained which proved by culture 
tests to be sterile. Both nodules on the right ear were punctured three days later, 
but no liquid was obtained from either. The nodule on the left ear, similar in all 
respects to those on the right ear, was then removed under novocaine anesthesia. 
A portion was used for inoculation of a rhestis monkey, and another portion for 
histological study. 

Animal passage, M. rhesus D-1 was inoculated intradermaUy and by scarifica- 
tion on Feb. 16, 1929, with a saline suspension of a part of the nodule removed 
from Donkey 5. After an incubation period of 9 days typical nodules (Fig. 4) 
developed at the sites of inoculation, and blood culture made the following day 
was positive for Bartonella bacilliformis. Nineteen days after inoculation the 
nodules were mature, the area inoculated by scarification showed fully developed 
lesions, and after 51 days recovery was complete. The disease ran a typical 
course. The culture of B. bacilliformis obtained from the blood of this animal 
and a subculture from it, on intradermal inoculation into Af. rhesus D-2 and D-3 
produced typical reactions (Figs. 5 and 6). 

Eistological examination {Figs. 7 and 8). The tissue removed from the ear of 
Donkey 5 consisted of the covering epidermis, a narrow rim of normal skin en- 
circling the nodule, and a superficial portion of the nodule itself. The latter, 
irregularly marked o6 from the rest of the tissue, was soft, gray with a faint pink 
tinge, and about 4 mm. thick at the center, tapering off gradually in thidmess 
toward the edges. The tissue was fixed in Regaud’s fluid, and sections were 
stained with hematoxj’lin and eosin and with Giemsa's solution. 

The hematoxjdin and cosin sections, examined ndth the naked eye, show a 
thin normal layer of epidermis covering a layer 1 to 1.5 mm. thick of apparently 
normal dermis. Beneath this is a collection of small round bodies, closely packed 
and tending here and there to become conglomerate. Each of these individual 
nodules, varjdng from 1 to 3 mm. in diameter, stands out from the rest of the 
tissue by its deeper hematowlin stain. Together they comprise the nodular 
tissue proper. 

Microscopically the minute nodules which make up the large nodule arc in 
general fairly distinct from one another, but in places they tend to fuse. They 
arc all very densely infiltrated with polynuclear leucocytes, which somewhat 
obscure the underlying structure by their presence. However, numerous slit-likc 
spaces of variable length arc seen within the minute nodules, lined with large, 
oval, flat cells with clear oval nuclei. These cells resemble endothelial cells. 
Some of the spaces contain scrum; others arc empty. With higher magnificatioa 
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there arc seen larger collections of these endothelial cells forming sheets or running 
in bands, and having a tendency to form blood-containing capillarj^-likc structures. 

The overl 3 dng epidermis and the narrow zone of dermis, with its numerous hair 
follicles and sweat glands, arc normal. Though there is no distinct capsule, these 
tissues are separated sharply from the collection of minute nodules beneath. The 
surgical line of excision passes through the nodular material. 

These findings show that the unit of the pathological process situated in the 
deep portions of the dermis is a minute nodule, from 1 to 3 mm. in diameter. The 
units may be discrete or tend to fuse. Each is composed of a considerable pro- 
liferation of endothelial cells, arranged in sheets, bands, and tubes. Superimposed, 
there is a verj'- marked polynuclear infiltration, as was found in the section of 
nodular tissue from Dog 1. 

SUMMARY AND CONCLUSIONS 

In the experiments here reported, definite verruga lesions, in wliich 
the presence of Bartonella bacilliformis was established by culture or 
by passage to rhesus monkeys, were produced in a dog and in a donkey 
by inoculation of cultures or monkey passage strains. Tlie reaction 
induced in these animals was entirely local, however; blood cultures 
were sterile. Histologically, the lesions produced were similar to 
those obtained in monkeys by inoculation of Bartonella haeillijorinis, 
except for the presence of a marked poljmuclear leucocytic exudate. 

In another donkey a lesion histologically suggestive of verruga was 
produced, while in one donkey and a horse the results of inoculation 
were negative or indefinite. 

The intravenous injection of a filtrate or of heat-killed cultures of 
Bartonella bacilliformis into two donkeys was followed by the appear- 
ance of large, soft, subcutaneous swellings, on various parts of the body, 
not resembling in any way verruga lesions. 
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EXPLANATION OF PLATES 

PlATE 21 

Fig. 1. Donkey 3, 72 hours after intravenous injection with a filtrate of cultures 
of Bartonella bacillijormis, showing the large swellings which arose on the side. 

Fig. 2. Photograph of the same animal, taken before inoculation. For com- 
parison with Fig. 1. 

Plate 22 

Fig. 3. Appearance of nodules on right ear of Donkey 5, 39 days after inocula- 
tion. The nodule on the left ear had been partly e-tcised 14 days previously, 
and the wound was in process of healing. 

Fig. 4. M. rhesus D-1, showing verruga nodules on abdominal wall 10 days 
after inoculation with emulsion of nodule from ear of Donkey 5. 

Fig. 5. M. rhesus D-2, 31 days after inoculation with culture of Bartonella 
bacilliformis from blood of M. rhesus D-1, 

Fig, 6 . M. rhesus D-3, 22 days after inoculation with subculture of Bartonella 
bacillijormis from blood of M. rhesus D-1. 

Plate 23 

Fig. 7. Low power magnification (x 105) of section from nodule on car of 
Donkey 5, showing one unit of the lesion. 

Fig. 8. Higher magnification (X 600) of section from same nodule, showing 
proliferation of cndothcUal cells, lymph and blood spaces, and polynuclear 
infiltration. 
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DIFFERENTIATION OF HEMOLYTIC STREPTOCOCCI OF 
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(From the Department of Bacteriology and Immunology, School of Medicine, 
Vanderbilt University, Nashville, Tennessee) 

(Received for publication, July 3, 1929) 

Although hemolysis on. the blood agar plate was formerly considered 
a property peculiar to streptococci from pathogenic sources, it is now 
recognized that the same property is also possessed by many non- 
pathogenic strains. Means of distinguishing hemol3^ic strains that 
are pathogenic from those that are non-pathogenic is especially impor- 
tant in the sanitary examination of dairy products. Previous studies 
(1-9) on streptococci have dealt nath the properties of hemolysis, 
final acidity, and reduction of dyes, but the correlation of the results 
has been made difficult by the fact that the different workers have had 
different interests. The medical bacteriologist has usually studied 
strains isolated from infections and has emphasized hemolysis or 
acid production without regard to dye reduction. The agricultural 
bacteriologist on the other hand has studied non-pathogenic or 
saprophytic strains isolated from milk products and has emphasized 
acid production or dye reduction without regard to hemolysis. 

The present investigation was planned to attempt to correlate these 
differential characters previously used in their respective fields by 
medical and agricultural bacteriologists. In spite of the fact that no 
new methods were introduced, the results are of new interest: (1) 
the collection of hemol}tic streptococci included both pathogenic 
strains representative of those associated with human disease and 
saprophjtic strains representative of the normal flora of milk products ; 
(2) the three tests (hemolysis, final addity, and dye reduction) are 
applied at the same time to strains from the different sources. 
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EXPERIMENTAL 

Final Acidity and Source of Strains. The 138 strains of hemolytic 
streptococci included in our tests may be separated on the basis of their 
final hydrogen ion concentration into the two main groups described by 
Ayers (1) and by Avery and Cullen (2): those having a final acidity 
range of pH 5.3 to 5.0 represent the low acid group; the others with a 
'' range of pH 4.5 to 4.0, the high acid group. 


TABLE I 

Hemolytic Streptococci 


Source 

Number of strains 

Low acid producing strains 



Sputum, pneumonia 

6 

Blood, septicemia, meningitis, osteomyelitis 

7 

Pleural fluid, empyema 

19 

Lung, pneumonia 

12 

Throats, pneumonia, measles 

43 

Pus, abscesses, cellulitis, scarlet fever 

4 

Cows’ udders 

4 



Total 

95 



High acid producing strains 


Cheese 

21 

Butter starter 

1 

Milk (pasteurized 1, certified 2) 

6 

Udders 

14 

Cow f Pirns * . 

1 




43 




Table I summarizes the grouping of the strains on the basis of final 
acidity of glucose broth cultures. All the strains from human sources 
fall in the group of low acid producers. While 4 of the strains included 
in the low acid producing group were isolated from the udders of 
cows, two of them were identified as belonging to the human type and 
were known to be responsible for two separate epidemics of septic 
sore throat. Hence, all but two of the 95 strains in the low acid 
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producing group were definitely associated with human infection. In 
contrast to this, all of .the 43 strains producing high acidity had 
been isolated either from bovine sources or from dairy products. 

Methylene Blue Reduction 

All strains both of the low and high acid producing groups were 
tested for their capacity to reduce methylene blue in milk. 

Three diSerent concentrations of the dye were used: 1 to 20,000, 1 to 10,000 and 
1 to 5,000. Methylene blue milk was prepared by adding a sterile 0.4 per cent 
aqueous solution of medicinal methylene blue (Merck’s) to sterile fat-free milk in 
amounts sufBcient to give the desired final concentration. Three tubes of methy- 
lene blue milk, containing respectively 1 to 20,000, 1 to 10,000 and 1 to 5,000 
concentrations of the dye, were inoculated with 0.1 cc. of 24 hour broth culture of 


TABtE n 

Reduclion of 1:5000 Concentration of Methylene Bine in Milk byBigh and Low Acid 

Producing Strains 



1 Melliy)cne Blue Reduction 

Final acidity 

1 Strains not 

1 reducins 

1 

Strains reducing 

Low acid producing group 

94 

1 

High acid producing group 

1 

24 


the strain to be tested. The inoculated tubes were incubated at 37°C. and 
obser\"ed for dye reduction over a period of seven days. 

The tests with 1 to 5,000 concentration of methylene blue furnished 
the most definite distinction. As shoTam in the summarj’’ (Table II), 
94 of the 95 low acid producing strains failed to reduce methylene 
blue. (Ninety-one of these low acid producing and non-dye reducing 
strains were isolated from human source). On the other hand, the 
high acid producing strains, all of which were isolated from daity 
sources, can be separated into two groups; strains which reduced and 
those which did not reduce the d 3 -e. It is important that 14 of the 19 
high acid producing strains that failed to reduce the methylene blue 
had been isolated from udders of cows; and that 21 of the 24 high 
acid produdng strains tliat reduced the dye were from various kinds of 
cheese. 
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Bactericidal Action of Methylene Blue 

Negative subcultures were obtained in tests of viability of the 
streptococci introduced as the test inoculum in the cultures in which 
no reduction of the dye had occurred. The apparent absence of living 
streptococci indicated tliat failure to reduce the dye in the preceding 
tests represented a lack of tolerance to methylene blue on the part of 
the non-reducing strains. Apparently in the unreduced state, the 
methylene blue either prevented the growth of the non-reducing 
strains (bacteriostatic action) or destroyed their life (bactericidal 
action) . 

In order to obtain further information on the influence of methylene 
blue upon the viability of the streptococci a constant amount (0,1 cc.) 
of broth cultures of reducing and of non-reducing strains was inocu- 
lated into milk containing a known concentration of the dye; plate 
cultures were made after different intervals of time. The original 
number of streptococci added to the methylene blue milk was known to 
be quantitatively suflScient to establish the growth of the more 
delicately growing strains in the medium containing no methylene 
blue. 

The results of the typical experiments summarized in Table III show 
that approximately 90 to 97 per cent of the non-reducing streptococci 
were killed by 10 minutes exposure to a 1:5000 concentration of 
methylene blue in milk. Different strains of the non-reducing group 
varied somewhat in the time required to kill 100 per cent of the cells; 
with some strains, complete sterility was obtained within 30 to 60 
minutes but with others a few viable cells persisted for several hours; 
in all cases, the cultures were completely sterile witliin 48 hours. 

DISCUSSION 

A collection of hemolytic streptococci from both human and dairy 
sources was studied in order to determine if the combined use of the 
properties of dye reduction and of final acidity would be of value in 
the differentiation of hemolytic strains of diverse origins. 

Different concentrations of methylene blue were tried but it was 
found that a solution of 1 to 5,000 in milk gave the most clear cut 
separation of the strains into dye-sensitive and dye-tolerant groups. 
This concentration of the dye not only prevented growth but was 
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actt'ally bacteriddal to the dye-sensitive strains. The dye-tolerant 
strains grew in the presence of and reduced a 1 : 5000 concentration of 
methylene blue. Of the 113 dye-sensitive strains, 108 were isolated 
from human or bovine sources and in many instances were associated 
with infectious processes in man or cattle. The other five strains 
were from samples of fresh and certified milk and were probably of 
udder origin (hemol 5 d;ic udder streptococci are more commonly found 
in freshly drawn and certified milk than in ordinary market milk where 
the more resistant varieties of milk streptococci predominate (7, 9)). 
In contrast to the direct animal origin of the dye-sensitive hemolytic 


TABLE m 

Hemolytic Streptococci; Bactericidal Action of 1:5000 Methylene Blue Milk 


Period of Exposure 
to Methylene Blue 
1:5,000 

Number of liable organisms per cmm. 

Strains not reducing Methylene Bloc 

Strains reducing 

Methylene Blue 

Strain *'2" 

Strain 

Strain "P” 

Strain "M” 

minuta 





0 

2,200 

3,500 

2,500 

3,000 

5 

460 

770 

2,400 

2,700 

10 

40 

320 

2,000 

2,800 

15 

9 

300 

3,000 

3,600 

20 

1 

210 

4,500 

6,000 

30 

0 

60 

6,000 

7,100 

GO 

0 

25 

11,000 

13,000 


streptocoed, the 25 dye-tolerant strains with only two e.\’ceptions‘ 
B’cre isolated from pasteurized milk, cheese and commercial butter 
starter. 

When both the methylene blue and the final acidity tests arc applied 
to hemolj'tic streptocoed from human and dair}' sources, three groups 
arc distinguished. First, a group of low-acid-producing strains that 
are sensitive to methylene blue; this corresponds to Aver}' and Cullen’s 
low-acid-group from human sources. Second, a group of high-add- 

* Although one of these strains was isolated from a human throat and the other 
from a cow’s udder, their presence in these locations might have been due to their 
intro<luction from .saprophytic sources; c.g., recently ingested food in the case of 
the throat strain, or the cow’s bedding in the case of the udder strain. 
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producing strains that are sensitive to methylene blue, these are most 
commonly derived from the normal or diseased udder. Third, a 
group of liigh-acid-producing strains that are tolerant to methylene 
blue. This last group, the dye-tolerant and high-acid-producing 
hemolytic streptococci are different from the liigh-acid-producing but 
dye-sensitive strains included in Avery and Cullen’s group of “bovine” 
strains. The latter are most frequently of udder origin and are often 
associated with bovine mastitis; their presence in dairy products is for 
the most part limited to fresh raw milk for they are relatively infre- 
quent in older market milk or in stored dairy products like butter or 
clieese. The dye-tolerant group on the other hand are in general 
much more resistant to unfavorable conditions than are most hemolytic 
streptococci and consequently are found in cheese or other dairy 
products that have been subjected to storage or other processes which 
tend to kill off the dye-sensitive strains. 

The grouping of streptococci upon this basis, while not an attempt 
at a systematic classification of the Streptococcus genus, is of interest 
from two different points of view. The results as a whole indicate, 
that with hemolytic streptococci there is an apparent relation between 
lack of tolerance to methylene blue and tendency toward parasitism; 
and that all three tests, namely hemolysis, final pH, and meth34ene 
blue reduction should be applied in the study of streptococci of 
disputed etiological and epidemiological significance. 

SUMMARY 

A grouping of 138 strains of hemolytic streptococci based on 
differences in dye-sensitiveness and in final hydrogen-ion concentration 
of cultures is presented. Three groups are distinguished; (1) human 
parasitic strains, defined by a final pH range of 5.2 to 5.0 and by 
failure to reduce methylene blue (1 : 5000) in milk, (2) bovine strains 
parasitic in the udder, characterized by a final pH range of 4.5 to 4.2 
and by failure to reduce methylene blue (1:5000) in milk, (3) sapro- 
phytic strains, characterized by a final pH range of 4.5 to 4.2 and by 
ability to reduce methylene blue. 

Methylene blue was bactericidal for the strains of hemolytic strepto- 
cocci that fail to reduce it, but neither bacteriostatic nor bactericidal 
for the strains that caused its reduction. ^ 
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STUDIES OF TISSUE jVIAINTENANCE 

TIT . Persisting Bloodlessness after Functional Ischemia 
B y H. P. GILDING, B.M., B.Ch., akb PEYTON ROUS, M.D. 

(From the Laboratories of The Rockefeller Institute for Medic-al Research) 
(Received for publication, July S, 1929) 

When the circulation reenters a part that has been briefly deprived 
of blood there ordinarily develops in it an active hyperemia, as every 
student of vascular physiology knows. But if the deprivation has 
endured for a somewhat longer time the happening is diametrically 
different. As the present paper will show, an obdurate local vaso- 
constriction has in some way been invoked, one so effective that the 
tissue involved remains closed off from the circulation for a greater or 
less period even though the flow through neighboring regions of the 
same sort is unusually good and the systemic blood pressure above the 
original level. 

Persisting ischemia of the sort here described can readily be demon- 
strated with the aid of highly diffusible vital dyes, in animals with 
blood bulk reduced by bleeding or by solutions inducing anhydremia. 
Under such circumstances a patchy ischemia of the superfidal tissues 
develops after some minutes, one so complete that the patches become 
pronouncedly acidotic, and even highly diffusible dtal stains (phenol 
red, brom phenol blue, Patent Blue V) fail to enter them (1). If the 
blood bulk be restored soon after these patches have developed they 
rapidl}" disappear; but when thej^ have endured for a little while the 
restoration has merely the effect of accentuating them through the 
passage of additional stain into their surroundings, and an hour or more 
ma}^ elapse before, by a gradual coloration, they are lost in the general 
hue. 

Experiment /.—With barium sulphide the hair was carcful/y removed from the 
body .and thighs of a well nourished and wgorous, white fcm.a!c cat. No cutaneous 
inflammation ensued during the neat few days. The ani.mal was 5:cpt in a well- 
warmed room. For twenty-four hours prior to ope.mtion it was given no food, 
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but was allowed water. Under ether the trachea was cannulated with a Y tube 
for the purposes of anesthesia; the right carotid was connected with a mercury 
manometer for blood pressure readings; and the left axillary arterj' and a vein of 
the left foreleg (radial branch of the cubital) were cannulated, for bleeding and 
the injection of solutions respectively. All this took 9 minutes. The cat was 
then laid upon its back on an electricall}’’ warmed pad. The limbs assumed 
natural positions. The carotid blood pressure was constant at 142 mm. Hg. 

Now 30 cc. of blood was taken from the axillary artery in the course of 3 minutes 
15 seconds, and 16 minutes later 17 cc. more (in 3 minutes), and after the lapse of 
another 10 J minutes 8 cc. more (in 2 minutes). In this way the carotid blood 
pressure was reduced to 74 mm. 31 minutes from the beginning of the depletion 
an injection of phenol red was made. The cat weighed 2240 gm. and the wanned 
4 per cent dye solution (at pH 7.4 and isotonic with the blood) was given in the 
ordinarj"^ proportion of 3J cc. per kilo, 8.25 cc. being gradually run into the vein 
during 80 seconds. After the injection the pressure did not improve, but tended 
to fall as in other animals bled to the limit and injected only with fluid which would 
not remain in the vessels. Three minutes later, when the pressure was only 60 
but the breathing good, the lips, gums, and conjuctivae had become deep red, 
with an orange cast suggestive of acidosis, whereas the trunk and thighs showed 
merely a few orange patches widel}'- separated by pallid unstained regions. By 
this time a normal cat would have been brilliantly red. 

The blood, as taken, had been defibrinated with care so that as little as possible 
should be lost. It was now aerated, warmed and restored to the animal by suc- 
cessive injections. A mere 4=) cc., given 3 minutes after the dj^e was all in, brought 
the pressure to 110 millimeters and 15 cc. 10 minutes later carried it to 150, that 
is to say above the initial level. Despite this recovery the staining scarcely prog- 
ressed; and two further injections of all the remaining blood (22 cc. in 1 minute 
45 seconds and cc. in 35 seconds) were made 18 and 20 minutes respectively 
after the dye injection. The carotid pressure reached 160 and remained at that 
figure for the next three quarters of an hour. The heart beat violentl}'’ and the 
arterial pulsations were accentuated. After the return of the blood the deeply 
stained conjunctivae, gums and lips practically at once became red without trace 
of orange — between jasper red and engenia red (Ridgway) (2) — showing that the 
slight general acidosis had disappeared. Over the trunk and thighs, however, the 
changes were very gradual. Large areas were still unstained 3 minutes after the 
final blood injection, and where the d 3 ^e penetrated it had a hue between ochraceous 
orange and oeltraceoiis buff. Little by little the coloration extended, but even 
after half an hour there were still many unstained patches such as are ordinarily 
associated with a diminished blood bulk (3). The areas to which the phthalein 
had originally been distributed were now turning red whereas those into which it 
penetrated later were orange. These various local differences caused the body 
surface to appear piebald with orange, red and white. Forty-six minutes after 
the last return of blood there were no longer any unstained areas but a pronounced 
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spotting of pale orange upon red persisted. The orange patches were now small, 
only } to 1 cm. in diameter. 

To hasten the disappearance of the patches 40 cc, of warm Ringer’s solution was 
injected intravenously 47 minutes after the last return of blood. The injection 
took 2 minutes. The blood pressure, which had been at 158, fell transiently but 
-recovered to 152. Within the next twenty minutes aU the orange spots 
disappeared. 

In this experiment the patchy ischemia induced by the Jbleedings 
lasted at least half an hour after the blood had been restored and very 
probably for more than an hour, if one can judge from the persistence 
of areas of local acidosis that had Ipeen slowly colored by diffusion 
inwards from the well-stained tissue round about. The preliminary 
bleedings had been done gradually and at intervals, in order to allow 
opportunity for readjustments within the organism, and more espe- 
cially for the passage of fluid out of the tissues into the vessels to make 
up the blood bulk. As Starling has shown (4), compensatory changes 
of the latter sort are practically at an end within 5 minutes after a 
single brisk bleeding, and subsequent bleedings do not elicit them in 
any important degree. The depletion was pushed very nearly to the 
limit, as indicated by the tendency of the blood pressure to fall after 
it had been accomplished, despite the introduction of dye dissolved in 
a salt solution. The inability of salt solutions to restore the blood 
pressure on such e.xtreme occasions is well recognized. Only 51 cc. 
of blood was returned as compared with 54 cc. taken, but the said 
54 cc., as drawn from the vessels, consisted in part of tissue fluid; for, 
as is well known, the last blood removed at even a rapid bleeding is 
dilute as compared nith the first. It follows that the actual quan- 
tity of blood taken was less than our figure would indicate. The 
circulatory state after the reinjection supports this \iew. It was 
one of evident plethora, the heart beating xiolcntly, the pulsation of 
the arteries unusually prominent, and the veins engorged. 

The quantity of phenol red injected into the depleted animal was 
not reduced from that which would liavc stained a normal cat evenly 
and deeply. The blood bulk, though, had been reduced b}' nearly 
half at tlic time of the dye injection. The question comes up of whe- 
ther under such conditions the persistent patdring may not have been 
caused by an untoward influence of the dye. True, previous e.xpcri- 
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merit had repeatedly shown that an acidotic patching indicative of local 
ischemia develops when the vital staining precedes the bleeding (5), 
whicli last removes much of the dye still in circulation. But this does 
not mean that the patches would have persisted had the blood been 
restored to the body. To determine what influence, if any, the dye 
had in the persistence of the patching was not difficult. 

Expcrivienl Z. — K vigorous, male, white cat of 2240 gm. was prepared like that 
of Experiment 1, save that it was fasted for onlj'- 16 hours prior to operation. The 
same cannulations were performed, under etlier, in 19 minutes. The carotid blood 
pressure was found to vary between 140 and 145 mm. of mercury. A bleeding of 
38 cc. in 120 seconds was now carried out, and others followed of 12 cc. in 70 
seconds, 15^ cc. in 90 seconds and 6 cc. in 45 seconds, 14§, 23 J and 5H- minutes 
respectively from the beginning of the first. The carotid pressure was in this way 
brought down gradualb'' to 84 mm. Hg. The bodj’^ surface had become notably 
pallid, with suggestions of even paler blotches here and there. The animal was still 
in excellent condition, stirring under the light ether. The blood pressure tended to 
fall after the last bleeding. It decreased to 74 mm. Hg in a period of 9 minutes, 
when the reinjection of blood was begun, the animal being in good condition .at 
this time. Less than 2 cc. had been lost in defibrination but 8.4 cc. more was 
withheld, since the intention was to throw that much phenol red solution into 
the circulation, and the avoidance of a sudden plethora seemed desirable. All 
the rest of the blood, aerated and warmed, was introduced by way of a foreleg 
vein in the course of three minutes, and was followed immediately by the 4 per cent 
phenol red solution (during 65 seconds). The blood pressure rose to 148 and 
fell again slowh’’ to 130. The tip of the nose and the gums became red but the 
superficies of the trunk and thighs colored verj'^ slowb^ and where the phthalein 
entered it was at first orange, not red. Large patches remained wholly un- 
colored. 5 minutes after the dye injection the regions between these patclies 
had for the most part changed from orange toward red, showing that the local 
acidosis was being dissipated; and the dye was slowly extending into the margins 
of tlie uncolored regions as a narrow zone of orange. After another half minute 
the remaining 8.4 cc. of blood was returned to the body. The pressure rose to 
158 and soon to 168, near which high level it long remained. The coloration 
continued strikingly various. 7 minutes after the final injection of blood there 
were still many irregularly distributed, uncolored patches 1-J to 2h cm. in diameter, 
of serpiginous outline. They were scattered thickly upon a background of varied 
hues, from canol red to old rose, and at their periphery one could see a narrow zone, 
or edging, of ochraccotis bujf. The marked increase in the blood pressure facilitated 
the passage of the stain into the tissues where circulation was taking place, with 
result that 1 1 min. after the last blood injection the patches were even more pro- 
nounced than before because of the deeper red of the background. The mucous 
membranes of the mouth were now etigenia red, and the pads of the paws pink, 
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evidence that there was no blood acidosis; but the hue of the stained superficial 
tissues had some orange in it here and there. After 14 minutes many of the spots 
were disappearing; and the general hue was light jasper red.. After 18 minutes 
stain had entered all the remaining patches, coloring them an orange buff. The 
blood pressure had now fallen to its initial level, 140 mm. Hg. Some of the orange 
spots were still to be discerned 55 minutes after the last injection of blood; but 
they had gone after another 34 minutes, when the surface color was everywhere 
the same, a hue between eugenia red and old rose. The blood pressure meantime 
had varied between 140 and 166. The ether was purposely kept very fight. 

These observations in which phthalein was injected after the blood 
had again been returned make plain the fact that the obdurate ische- 
mia cannot be due to an influence of the vital dye. It is no artefact. 
That the bloodless state existed prior to the injection of phthalein was 
clear, not alone from the failure of the latter to enter large areas here 
and there, but from the hue it took on at the edges of these areas, a 
hue indicative of preexisting local acidosis such as develops only when 
ischemia has endured some time (6). There were vague indications 
of a special patching of the pallid skin even before the return of the 
blood. The intensification of the patches after the final blood injec- 
tion, which resulted from a deeper staining of the tissue between them, 
is no unique phenomenon. We have regularly observed it, and, — as 
one would expect, — even more pronouncedly, when the blood that was 
withdrawn and returned to the body contained dye. 

Prior to a consideration of the causes for the persistent bloodless 
state the circumstances of its occurrence will be more nearly dealt 
with. Those leading to the initial patchy ischemia have been de- 
scribed in several previous papers (7). The patches develop in 
compensation for a reduced blood bulk, however brought about; and 
they appear only when the reduction has been considerable. The 
greater the depletion, the larger arc the bloodless areas; and if it 
persists unrelieved they increase in size by peripheral extension. In 
animals gradually depleted by induced anhydremia they appear before 
any noteworthy reduction of the general blood pressure occurs; but 
in liemorrliage cases, they are best seen when the blood pressure has 
been substantially lowered. They occur in both urcthanized and 
etherized animals but develop also in those bled under local anesthesia, 
a relatively great depiction being required to cause them in these 
last. They occur when the skin is kept warm artiiicially as well as 
when it has grown cold owing to defidcnt blood flow. 
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The persistence of the patching after return of the blood to the body 
is dependent, like its initial occurrence, on the degree of the depletion 
and its duration. The more the blood bulk is diminished, and the 
longer the elapsed period afterwards, the more obdurate does the 
patcliing prove. 

Experiment 3 . — A thin, white, female cat, with a few graj' markings, pre\aously 
depleted and fasted for 24 hours, was operated upon under ether to cannulate the 
trachea, right carotid artery and left jugular vein. The animal weighed 1950 gm. 
The operation took 15 minutes. The initial blood pressure was irregular varying 
from 120 mm. Hg to 150 mm. With the animal on its left side in an unconstrained 
position 56 cc. of blood was removed at three bleedings, by way of the cannulated 
carotid, in the course of 40J^ minutes, reducing the blood pressure to 38 mm. at 
which low level it remained, until, — after 45 minutes in all, — 7i cc. of phenol red 
solution was injected, in 100 seconds. The animal appeared jm extremis after 47§ 
minutes; and 2J cc. of the heparinized blood was reinjected. Artificial respiration 
was necessary for a few breaths. It was given with the Gates’ pump (8). Then 
the pressure rose to 50 mm. and natural breathing was resumed. After a further 2 
minutes 3 cc. more of blood was injected, merely sufBcient that is to say to main- 
tain the animal. The vital staining was for some time nearly negligible e.’ccept 
that the lips and gums, which had appeared bloodless, promptly became red after 
the injection of the phthalein; but little by little color crept in, and 12 minutes 
after the last blood injection (or 15 minutes after the phthalein) the surface was 
strikingly variegated with orange to red areas betwLxt large unstained patches. 
The pressure had reached 60 mm. Hg. Now 3 cc. more of blood was given, and 7^ 
minutes later all the rest (in the course of 4J minutes) except 9 cc. The pressure 
at once rose to 152 millimeters and the veins became notably distended, yet four 
minutes later the mottling had not altered. Thereafter the red between the 
patches became accentuated and these slowly turned orange with dye entering 
them, and eventualb"^ they merged with the red of their surroundings. The last 
of them was not gone for about an hour. To the blood as it was withdrawn salt 
solution, containing 10 mg. of heparin (Hynson, Westcott and Dunning) in every 
cc. was added in the proportion of 1 cc. for 15 cc. of blood. Wliat with this 
addition, the amount of fluid returned to the body, though 9 cc. less than the total 
of blood plus heparin, was only 5 cc. less than the total of blood removed. A 
large experience with the anticoagulant enables us to say that it does not of itself 
induce local ischemia. 

In tliis experiment the animal was bled to the limit and the blood 
was only very gradually returned to the body after the injection of 
phenol red. At first the dye largely failed to enter the superficial tissue, 
and where it did so later the color indicated tissue acidosis. Needless 
to say the very low^ blood pressure will amply account for these find- 
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ings. Later on, when the unstained patches were smaller and well 
demarcated, all of the blood except 5 cc. was gradually returned to 
the body. Although the blood pressure mounted far higher than 
before the bleedings, and there was a manifest plethora with engorge- 
ment of the veins, the spotting persisted for an hour. These results 
and those of Exp. 1 may be contrasted with the following: — 

ExperinKtit 4 . — A well nourished, white female cat of 2540 gm. was prepared 
and operated upon as in the case of Exp. 1, except that the removal of fur had been 
done with the razor and the initial fast had lasted only 18 hrs. The cannulations, 
imder ether, took 18 minutes. Thereafter the animal was bled 62 cc. in 54 minutes. 
The blood pressure was reduced from 170 mm. Hg merely to 100 mm. Pallid 
blotches on a generally pale skin became visible over the animal’s right side — which 
was uppermost; and 19i minutes after the last bleeding 9§ cc. of phenol red was 
injected (in 65 seconds). 4 minutes later the body surface was a brilliant pink 
variegated with numerous, scattered white patches up to 2 cm. in diameter. The 
return to the body of all the defibrinated blood was begim 11 minutes after the 
dye injection and completed minutes later. The carotid pressure rose to 180, 
at which level it remained, and there was the usual evidence of a plethora. Within 
a minute the animal had stained much more deeply, and the spots stood out in 
startling contrast; but they soon began to turn pink and within thirteen minutes 
had disappeared. The cat was by now of a hue deeper than old rose. 

In this instance although much blood had been taken the carotid 
pressure remained fairly high and the blood was returned to the body 
after only a short interval. The ischemic patches, while well defined, 
had not endured long, for no acidosis had developed in them. They 
stained pink, not orange, and quite rapidly. 

To these contrasted findings maj' be added others of similar import 
in rabbits. Very deep urethane anesthesia so impairs the circulation 
that patching results, but ether does not do this unless pushed close 
to the lethal limit (9). In the tests now to be described the animals 
were bled with the aid of a local anesthetic, novocaine. 

ExperimnU 5.— A white, female rabbit of 2400 gm. shaved over the trunk and 
thighs 9 days pre\-iously was fasted 24 hours, and under etHer the right common 
carotid was brought to the surface and cannulatcd. The vessel was kept shut bv 
a special device made of rubber tubing (10), the pressure of which could be 
relaxed at will and bleeding accomplished with the animal sitUng naturally. The 
incision was swabbed with novocaine and covered with a wet dressing. \Vhca 
the animal was again up and about, after 63 minutes, novocaine was rc-apph’ed 
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locall}'’ and the depletion begun. During the course of an liour and five minutes 
76 cc. of blood was removed — at three bleedings — and at once defibrinatcd. 
Immediately afterwards the animal appeared in good condition, sitting in the 
normal posture; but it was found collapsed and apparently moribund 18 minutes 
later. The reinjection of all of the blood by way of an car v^ein, and removal to a 
very warm room, benefitted it but little. Eight minutes later, at the time when 9 
cc. of phenol red was given, it was still pallid and appeared unconscious, but after 
another eleven minutes it got to its feet. The superficial staining at this time was 
localized to localities where large vessels entered the skin (popliteal space, regions 
just back of the axilla and over the sacroiliac joint). Here the hue was orange. 
The animal was sitting up and in fair condition 51 minutes after return of the 
blood, yet the skin still showed completely unstained areas on a ruddy to orange 
ground. Along the ridge of the back was a well demarcated orange stripe. The 
general condition continued to improve, but 79 minutes after the blood injection 
the patches previousl}'- unstained were still to be discriminated, though now coral 
red, on ^jasper red background. At this time 7.2 cc. of warmed 4 per cent brom 
phenol blue was injected in 60 seconds. Most of the surface of the animal colored 
as rapidly as if the animal had been normal, becoming a deep plum color within 
three minutes, but very little of the dj^e had entered the patches at the end of this 
time. After a further 4 minutes, though, the}’- were no longer to be discerned as 
such, having merged in the general hue. 

The introduction of a second dye into this animal brought out the 
fact that there was still some persisting local ischemia hours after 
the blood had been returned to the body. During much of this period 
the general circulatory state had been poor. But the rapid distribu- 
tion of the second dye everywhere in the superficial tissue except in 
the regions of ischemia clearly proved that these latter were not due 
to a faulty general condition. 

In a second rabbit the phenol red was injected before the bleedings 
had all been wholly accomphshed, with result that depletion was less 
drastic. The only patching obtained was one traceable to local pres- 
sure differences. Like the ischemia unlocalized by an}'' such factor 
it persisted after return of the blood. 

Experiment 6 . — A male, white rabbit of 2175 gm. was empIo}’-ed which had been 
epilated over the trunk and thighs with barium sulphide some days previously. 
No inflammation of the skin had ensued. The animal was fasted for 24 hours, and 
then, under ether, the left common carotid was cannulated and obstructed with 
the same device as in Exp. 5. Prior to closing the incision the tissues were swabbed 
with novocaine. Fifty-four minutes after the operation had been completed the 
animal had recovered from the ether and was in excellent state. Now it was bled 
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28| cc. in 75 seconds, and 30 minutes later another 2li cc. in 110 seconds. There- 
after the skin was pallid but still warm, and not blotched. After the lapse of 
a further 32 minutes 12 cc. of blood was taken in 70 seconds. As each lot was 
obtained it was defibrinated. Twelve minutes later 8.5 cc. of 4 per cent phenol red 
was injected into an ear vein in 60 seconds. This caused no s}rmptoms, and the 
animal, which sat quiet, colored slowly and evenly. So well had the depletion and 
staining been withstood that eighteen minutes later the rabbit was sniffing about 
the laboratory floor as if nothing had happened. The general color was now old 
rose save for large patches over the ridge of the backbone and the projection of 
the knees where the hue was yellower. Since no patching developed in the next 
twenty minutes a further bleeding of 1S| cc. in 3J minutes was carried through. 
Thereafter the patching over back, sides and haunches became more pronounced, 
light coral red as compared with light jasper red elsewhere. The animal retained 
the sitting posture but appeared listless. The entire quantity of blood, 77§ cc., 
was now reinjected in 185 seconds, thirty-three minutes after the final depletion. 
The general condition immediately became e.xcellent. Yet the patches persisted 
imchanged during the next ten minutes, though the red about them became deeper, 
approximating eugenia red. After another seven minutes those over the knees had 
disappeared and the one along the backbone was fading at the edges. Twenty- 
four minutes after the return of the blood the color was everjnvhere the same, 
slightly deeper than old rose. Decolorization, which now began, proceeded swiftly 
and so evenly as not to suggest that there had ever been patching. The rabbit 
was alizarin pink one hour and forty-four minutes after the return of the blood and 
still faintly pink three hours after. It was then discarded. 

In this instance the removal under local anesthesia of about half 
of the calculated blood volume did not suffice to bring about a general 
patching, though the circulation was sufficiently cut down over back 
and knees for some local acidosis to develop there, as the indicator 
showed. The abnormal state of affairs was rendered more pronounced 
by a further bleeding which the animal stood well. And now when all 
the blood was reinjected and the general condition became e.xcellent 
the local acidotic patching failed to disappear for a considerable time. 
That its obduraej’’ was not due to factors effective under normal con- 
ditions was shown by the course of the eventual decolorization which 
took place at the same rate in the regions pre\nously patched as it 
did elsewhere. 

It has been our frequent obseiwation that local pressure conditions 
of no moment ordinarily will lead in the depleted animal to a localized 
ischemia indistinguishable, save in situation and in the extent and 
shape of the patclics, from that occurring elsewhere over the body (1 1). 
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Exp. 5 yielded an example of the sort, in the patcliing over the ridge 
of the backbone, while in Exp. 6 all of the patcliing was of sudi type. 
The ischemia tends to persist like that appearing elsewhere on the 
body and not evidently referable to any local pressure differences. 
We have enlarged the observations upon it because of the physio- 
logical problem presented by the persistent bloodlessness in general. 

As has already been stated the etherized cats of the present investi- 
gation were placed on the back or side in postures naturally assumed 
and with the limbs free. Some regions were necessarily higher than 
others and in these regions, — over mid abdomen and chest, with the 
animal on its back, or over the upper side and flank, when it was on 
its side, — the spotting tended to last longest after return of the blood. 
When the cat was in the dorsal posture and the hind legs lay sym- 
metrically hah flexed with one knee slightly higher than the other, 
the ischemia persisted longer over this higher knee even though the 
difference in level was but two or three centimeters. The important 
influence of local pressure differences, as thus illustrated, was espe- 
cially well to be seen when one of the legs had been raised for some 
time. 

Experiment 7 , — The cat was that of Exp. 3 (q. v.). It Jay on the left side, but 
slightly toward the dorsum. In order to relieve the abdomen and chest from any 
pressure of the legs that were uppermost, — those of the right side, — a string had 
been looped around one toe-nail of each and tied to a support in such wise that the 
limbs were held suspended in the air in the same posture of partial fle-xion as 
their fellows. The suspended right foreleg must be dismissed from consideration 
since it had not been epilated. When the phenol red was injected, after the 
bleedings, as already described, no stain whatever entered the tissues of the raised 
hind leg for some little while, but by the time its fellow on the other side had 
become diffusely orange a well defined, horizontal color demarcation had developed 
in it just distal to the groin, approximately 5 cm. above the well stained thigh. 
Above this level the tissues of the leg were pallid and unstained, below it 
orange. The zone of transition was about 0.6 cm. broad. The femoral vein of 
the raised leg was noted to be collapsed, that of its fellow distended. Eleven 
minutes after the return of the blood, when the general body surface was a brilliant 
pink with scattered orange spots, there was still not the least staining of the sus- 
pended leg. The blood pressure had been far above its initial height since the re- 
injection of the blood. After a further six minutes the line of demarcation had 
disappeared and phthalein was extending upwards into the skin of the leg, staining 
it orange (or apricot bujf in Ridgway’s nomenclature). The animal was by now old 
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rose with scattered apricot btcff patches. Thirty-eight minutes after return of the 
blood the highest part of the raised leg, the region around the knee, was still only 
faintly stained (pale buff). This region was 10 cm. above the midline, as the 
animal lay, but only 3-4 cm. above the highest part of the side. In this part the 
color had a slight admixture of yellow as compared with the diffuse old rose seen 
elsewhere. The wide-spread spotting had disappeared. The blood pressure had 
fallen somewhat (from 152 mm. to 134 mm.) but was still above the initial level (120 
mm.). The animal had now been under ether for more than two hours. 

Experiment 8 . — The cat of Exp. 1 (q. v.) served for the observations. It lay 
on the back imder light anesthesia with the legs symmetrically rotated outwards 
and half flexed. They never became flaccid and hence did not touch the table at 
all. The right knee was slightly higher than the left. After the injection of the 
phenol red the tissue for a wide space about the knee was observed not to stain at 
all, and it remained unstained when the blood had been returned to the body, 
although the carotid pressure was raised thereby to a much higher level than it 
had been originally (160 mm. as compared OTth 142 mm.) and there occurred a 
wide-spread staining elsewhere. Ten minutes after the injection the superficial 
tissue about the knees was still imcolored and one could perceive after oiling the 
skin that this held true of the underlying muscle as well. Yet the main arteiy of 
thelimb was beatmg far more violently than usual, owing to the induced plethora, 
and the pads were red. After another fifteen minutes traces of dye were entering 
the ischemic tissue, rendering it buff at some places. Elsewhere in the leg one 
could perceive through the oiled, unstained skin that the large subcutaneous 
veins were darkl}' red, with a pink diffusion of dye immediately next them. The 
animal was in general ruddy, but spotted irregularly with pale orange buff. The 
blood pressure had remained high. Both legs had attained the same ruddy hue 
after 44 minutes in all. There was still much spotting over the chest and abdomen. 
40 cc. of warmed Ringer’s solution was now injected to increase the plethora, and 
thereafter the spotting soon disappeared. 

In these instances the slight circulatory difficulty produced by raising 
the leg a few centimeters above its fellow^ sufficed, not merely to render 
it ischemic after the depletion but to ensure the persistence of the isch- 
emia later, when the blood bulk had been restoredandthebloodpressure 
had been brought so high that the circulatoiy' difficulty just mentioned 
should have been wholly negligible. In Exp. 8 there was an ob^^ous 
plethora after return of the blood; the main arterj’-of the ischemic limb 
beat xn'olently, the paw was well stained, and the venous blood deeply so. 
Yet the tissue previously ischemic remained for some time obdurately 
bloodless. 

Needless to say the factor of local chilling had to be considered as 
possibly favoring a persistence of the bloodless state, however caused. 
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The ischemic tissue became cold. So too, if in a less degree, did the 
body surface patched ^vith ischemia. But that the development of 
such patcliing is not essentially dependent upon cooling has been 
sufficiently shown by immersing animals in oil at body temperature 
(12). The cats in wliich its persistence was studied were often long 
on the table, and care had to be taken to keep them warm in order to 
prevent shoclc. 

The question whether the spots recur at the same places after a 
second bleeding is one of great importance for an understanding of 
them. Many experiments were done upon tliis theme, a principal 
difficulty being the long interval required for complete disappearance 
of the local ischemia after the blood of a first depletion had been re- 
turned to the body. It was necessary to recognize and rule from 
consideration the patching due to local pressure differences (of the 
sort illustrated by Exps. 7 and 8) ; for such patching infallibly recurred 
unless the position of the animal had been changed. Needless to say 
tills recognition and ruling out could not always be perfectly done. 
Furtliermore there were spurious patcliings to be discriminated, as 
where underlying fatty masses made the skin appear pale, or where 
the circulation was naturall}'- poor, as about the umbilicus. In regions 
of local inflammation the staining was always far better than else- 
where; but sucli regions were always readily discriminated. Abrasions 
with the razor give rise to a staining that is on the actual surface, not 
beneath it as in the case of the cutaneous staining proper. 

The general plan was to use phenol red to disclose the patcliings of 
a first depletion, which were then marked out here and there with dots 
of India ink; and after restoration of the blood and a second bleeding, 
— sometimes indeed after return of the blood for the second time, — 
brom phenol blue was injected. This dye diffuses swiftly and is more 
easily seen in the tissues than is phenol red; and hence the pallid 
patches demonstrated with its aid often appear smaller than when 
the latter dye has been used — the more especially since this turns 
orange in acidotic tissues. The animals were usually bled to deatli 
from the carotids while the ischemic patching of the second depletion 
was still evident; and the pelt was at once stripped to determine the 
relation of local features to the patcliing. 
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Experiment P— The cat of Exp. 1 (and Exp. 8) was kept warm and under hght 
ether until all the patching of the first depletion had disappeared. As the protocol 
of Exp. 8 shows, the process seemed to be hastened by the increase in plethora 
brought about through the rapid intravenous injection of 40 cc. of warmed Ringer’s 
solution .‘54i minutes after the last blood injection. However this may be, a 
second series of bleeding was begun 141 minutes after the start of the first. The 
outlines of fourteen of the characteristic patches induced by the first depletion 
had been marked on the skin with small dots of India ink. The body surface was 
diffusely stained old rose at the time when the new bleedings were begun. The 
carotid pressure was 144 mg. Hg, the initial pressure having been 142. Hemor- 
rhages of 43 cc. in 19 minutes now caused it to fall to 78 mm. Within 15 minutes 
after the initial hemorrhage (of 33 cc. in 4 minutes) the phthalein in the tissues 
turned toward orange where some of the marked spots had been; and 3 minutes 
after the second bleeding (of 10 cc. in 1* minutes) the spots had become accen- 
tuated and numerous others were present in unmarked regions. The general 
color was between light jasper red and alizarin pink. The body surface was warm. 
The pressure rapidlj’’ recovered to 90 but fell to 82 when a further 3 cc. of blood was 
taken, S§ minutes after the second bleeding; and it had not risen 2 minutes later 
when 6.6 cc. of brom phenol blue was injected in 50 seconds. This raised the 
pressure to 94 but it had again fallen to 78 when, after 8 minutes more, the entire 
quantity of defibrinated blood, less 2 cc., was reinjected in the course of 95 seconds. 
The pressure rose from 76 to 140 mm. in the course of 4 minutes. The general 
condition of the animal was excellent. 

During the lnter\'al after the injection of the brom phenol blue and prior to 
return of the blood a patchy staining of the superficial tissues occurred, superim- 
posed upon that nath phenol red. There were numerous scattered splotches into 
which the new stain did not enter, and the plum color of the regions between was 
not diffuse but dappled with small spots of dirty yellow which the brom phenol 
blue had failed to penetrate. Following return of the blood these ischemic yellow 
splotches stood out pronouncedly, oning to an increased staining of the tissue 
between them. A count made 31 minutes after the injection of the second stain 
showed that S of the 14 areas preriously marked with ink dots were present as such 
splotches, but of these 8 two were near the projection of the ensiform cartilage and 
might have owed their freedom from the blue phthalein to local pressure differences. 
Five marked arc.as had stained somewhat, and one was not to be discriminated 
from its surroundings, being deeply colored. The spots that recurred were not 
accurately reproduced in the original form, and were in general somewhat smaller. 
The body surface elsewhere was abundantly spotted. 1'et the recurrences wjriiin 
inked outlines were too definitely related to these latter to have been due to chance. 

Twenty minutes after the blue phthalein had been given the animal was killed 
by cutting the carotids. The blood pressure at the time was 128 mm., and the 
ischemic spots had persisted. At autopsy no local factors to account for them 
could be found. Xumcrous others were visible in the furred skin when this was 
stripped back. 
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These findings, representative of several experiments, leave no 
doubt that some of the ischemic patches recur in the same situations 
after the second depletion, though this is far from being true of all. 
The injection of brom phenol blue had not been necessary to demon- 
strate the fact in the instance just given in detail. For the animal was 
still stained with phenol red after the blood was withdrawn for the 
second time; and patchy changes toward orange, the color indicative 
of local acidosis, evidenced a recurrence of the local ischemia in the 
previous situations. 

The circulatory readjustment following the first return of blood 
was in some cases completed only after the animal had been under 
ether for several hours altogether. In these cases a singular pattern- 
ing with brom phenol blue resulted, one wholly difi'erent from any 
observed after depletion under ordinary circumstances, no matter 
how severe this had been or to how low a level the blood pressure had 
been reduced. 

Expcrimcnl 10 . — The cat of E.xp. 2 still showed some spotting 55 minutes after 
the first reinjection of blood, and 126 minutes after the initial bleeding. Only 
after another 38 minutes had the staining become diffuse, the color being tlien 
slightly darker than old rose. The blood pressure was 166 as compared with 140- 
145 at the beginning. Now, 206 minutes after the initial etherization, 61 cc. of 
blood was taken, at three bleedings in the course of 57 minutes, redudng the blood 
pressure to 72. Twelve minutes later the surface was mottled with buff spots on 
an irregular ground of coral pink and old rose. 6.6 cc. of 4 per cent brom phenol 
blue was injected in 75 seconds, and 5 minutes later aU the blood was returned to 
the body, in the course of 180 seconds. The animal began to stain promptly, a 
plum blue reticulmn enclosing greenish yellow patches averaging about 1 cm. in 
diameter. A count made 9 minutes after the dye had been given showed that only 
6 out of 13 areas ischemic previously, and marked as sucli with india ink, were 
unstained by the blue phthalein, the other 7 being as deeply, if irregularty, colored 
as the tissue an3Tvhere else. One could not be certain that the sparing of even 
these 6 was due to anything but chance, since ischemic patches were everywhere 
very munerous. Later tlie 6 largely lost shape through an irregular encroachment 
of the plum color. Twenty-eight minutes after the injection of the blue phthalein, 
and 262 minutes from the time of the initial bleeding the blood pressure was as 
high as at first (140 mm.). The superficial staining had now assumed a regular 
pattern, thick purple meshes separating rounded areas of dirt}”^ greenish yellow 
about 1 cm. in diameter. This fish-net mottling persisted practicall}’- unchanged 
throughout the next 40 minutes during which the carotid pressure declined to 130. 
In the course of the next hundred minutes the mottling largely disappeared, but 
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not wholly. The experimentation had lasted more than 7 hours. At its end the 
blood pressure was only 95, the rectal temperature 98.6 

The disappearance of the reticulum took place by an entry of the blue dye here 
and there into the greenish yellow spots, breaking them up into irregular areas 3-4 
mm. across. Thus the body surface became thickly strewn with little ischemic 
patches. These very gradually acquired stain and disappeared. 

This experiment, one of several with similar results, yielded evidence 
of a change in the character of the blood service to the superficial 
tissue of animals long on the table. But its principal use in the present 
connection is to illustrate a difficulty met in determining whether 
local ischemia tends to recur in the same situations. 

DISCUSSION 

The original aim of the work here reported was to learn whether 
the ischemic spotting which develops after depletion affects the same 
regions when depletion is induced once again. Our evidence for the 
obduracy of the ischemia is the more convincing because unexpected. 
In the literature one finds few signs to suggest that such a phe- 
nomenon exists. The methods have not been fitted to disclose it. 
Yet bedside practice from immemorial times has allowed for it as a 
possibility. The old wife customs of chafing bloodless extremities, 
and applying heat to them, are still in current use to “restore the 
circulation,” on the assumption that restoration might long be delayed 
without such help. 

Zak (13) has described a blanching of the fingers when they are 
exercised after the circulation to them has been cut off. He believed 
this due to an active contraction of the small vessels, but Rehberg and 
Carrier (14) hold that the blood is merely forced from the fingers me- 
chanicalty. These authors do not deal with Zak’s further observ'ation 
that the vessels contract in a frog muscle exercised wliile the circula- 
tion is stopped, failing for some time to admit blood again when the 
impediment is removed. Whatever the e.\planation of this latter 
phenomenon the circumstances of its occurrence are essentially differ- 
ent from those of the one we have studied. Not so however with the 
patchy areas of ischemia of the human skin known by the name of 
Bier’s spots (15). These areas of local contraction of the small vessels 
develop gradually when the drculation to a congested limb is cut off 
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by means of a pressure cuff; and they are evident as blancliings in the 
midst of a venous hyperemia. In our animals the local cessation of 
blood flow was induced by depletion, not by a cuff, and the regions of 
ischemia were demonstrated with a diffusible stain. The numerous 
reasons for identifying the ischemic patches of our animals vith Bier’s 
spots will be detailed in a subsequent paper. Levns (16) states that 
the best-developed spots tend to resist the sudden influx of arterial 
blood after release of the cuff, wliich floods the arm with the bright 
pink of active hyperemia. In our own experience with many subjects 
and numerous trials tliis resistance has never lasted long. INIost of 
the blanched spots disappeared at once in the flush, and those which 
did not faded rapidly from the periphery in the course of a minute or 
two. But it has seemed unwise to cut off the circulation from the 
arm for more than 45 minutes. The short period of occlusion when 
taken in connection with the relatively slow metabolic activities in 
man as compared with the cat, may explain the differing persistences 
of the ischemia. 

Bier (17) pointed out that the pallor of the dead body is due to a 
generalized contraction of the small vessels, similar to that manifested 
locally on the living subject in the blanched spots now called after liim; 
and Lewis holds that the dead whiteness of the fingers in Reynaud’s 
disease is referable to the same cause. Our.observations bear out these 
assumptions, and give ground for a further one, namely that mucli 
of the difficulty in restoring the circulation to parts temporarily 
deprived of blood, as in Reynaud’s disease, cliilblains and skin threat- 
ened with bed-sores, comes from a vascular perversion secondary to 
the initial ischemia. Whether this perversion occurs in those instances 
of shock and hemorrhage whicli continue to show a pallid, cold skin 
despite transfusion and other active measures remains to be seen. 
The cause for the phenomenon here reported will be discussed in a 
later publication. It is scarcely necessary to remark that the length 
of time during which the ischemia lasted in our experiments did not 
nearly approach that required to cause frank injury of the tissues. 
Furthermore the deprivation was the result, not of arbitrary interfer- 
ence with the circulation, but of compensatory readjustments within 
the organism such as would tend to prolong life. 
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SUIQIARY 

In skin regions which have been bloodless for some time, as result 
of the fimctional readjustments following upon a reduction of the 
blood bulk, the ischemia persists long after the blood volume has been 
restored and the systemic blood pressure has mounted to the initial 
level or a higher one. 

The significance of the finding is briefly discussed. 
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In several previous reports a patchy cutaneous ischemia has been 
described which develops in animals some time after the blood volume 
has been markedly reduced (1). Our general procedure to demon- 
strate it in animals has been to inject a highly diffusible vital dye 
intravenously after reducing the blood volume by hemorrhage or by 
anhydremia. Under such circumstances the skin becomes spotted 
with pallid areas into which the dye has not entered, on an intensely 
stained ground. The animal in consequence appears piebald. To 
test for such a state of affairs in human beings one might conceivably 
compress the main artery to a limb suflSciently to reduce greatly the 
blood flow to it, and then inject a vital dye into the slight stream stiU 
passing the obstruction. Fortunately, there is on record in the 
literature a phenomenon elicited in man, and still une.^lained after 
thirt}’^ years, which nearly parallels both in conditions and consequences 
our hypothetical experiment. We refer to “Bier’s spots.” In the 
present paper the conditions under which these spots arise, their 
relation to the patchy ischemia of animals, and the significance of 
both will be discussed. 

Bier reported (2) that when the human arm is suffused with blood by ob- 
structing the venous outflow, and all drcidation stopped wlh a tourniquet, a 
sccondar)’ readjustment of the contents of the engorged cutaneous vessels occurs. 
r.allid spots gradually appear here and there on the violet skin, rapidly increasing 
in number and size. The blood has in some way been driven out of them. Bier 
believed that the cutaneous vessels had contracted as result of the stimulus of 
venous blood, an c-xplanation since voided. The spots have been studied re- 
peatedly in late years but their significance remains uncertain. Rchberg and 
Carrier (3) discriminated two kinds of patching on the congested arm, the one 
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pink or light red, and due, so they thouglit, to the retention of tonus by vessels 
receiving a little arterial blood through bone-marrow collaterals. Wolf (4) has 
confirmed the e.vplanation c.\perimcntally. The other patches, of blanching, 
Rehberg and Carrier attributed to capillary contraction as tlie arm cooled. Wolf 
has since demonstrated that increasing the local circulation beforehand b}'- heat or 
friction tends to prevent the spotting; whereas decreasing it, by cold, causes more 
of the spots to appear. She pointed out that the known factors conditioning 
the spotting, (a) state of the local circulation prior to the occlusion and (b) the 
temperature of the skin during it, cannot be tlie sole influences determining the 
spots since the utilization of them does not enable one to blanch large areas of 
skin at will. Recently Lewis (5) has decisively e.Kcluded cold as the primar}’^ cause 
for the blanching. He holds it due to vaso-constrictor substances developing in 
the tissues. 


Likenesses of the Spots and the Patching 

As the foregoing summary discloses, the conditions which lead to 
Bier’s spots differ in certain respects from those wHch result in the 
ischemic patcliing in animals. In the one case the circulation is 
completely stopped, whereas in the other it is reduced greatly through 
compensatory vascular readjustments. In the one the small cutane- 
ous vessels are primarily engorged, and contraction of them becomes 
evident as it empties them of blood. In the other these vessels are 
largely empty to begin with and the contracted state is disclosed by 
the patchy distribution of a vital stain. We have made repeated 
attempts to elicit Bier’s spots in white rabbits, cats and a white pig, 
but with dubious success. On venous occlusion the skin does not 
become engorged as in man, and the spotting seen after arterial closure 
is ill-defined. Hence we have resorted to the intensive study of Bier’s 
spots in human beings, hoping to learn whether tlie conditions 
which differentiate them from the ischemic patching are essential or 
accidental. 

Bier’s spots are readily produced in most individuals, but best in 
persons with a fair skin not greatly freckled or tanned. In some the 
spotting develops pronouncedly, whereas in others it is slow to appear 
and the blanclung is incomplete. Our subjects were volunteers. 

In appearance the spots resemble the ischemic patches in stained 
animals. Both are scattered, of highly various size, small at first and 
growing by peripheral extension and coalescence into large areas with 
more or less sharp-cut, serpiginous margins. In animals stained 



PEYTON EOtrS AND H. P. GILDING 


491 


beforehand with phenol red the development of ischemic patching 
can be followed by means of the color change attendant upon the 
resulting tissue acidosis. The bloodlessness of the regions affected 
was proven by their failure to stain with a second highly diffusible dye 
injected intravenously. Vital staining was done only after the 
depletion. Using these methods the progress of the ischemia was 
studied in a series of animals. It first appeared some minutes after 
the local circulation had been cut down by hemorrhage and the longer 
the interval the more widespread and pronounced it was. M any of the 
spots, though lying in a tissue still fairly served with blood as shown 
by the staining, were completely ischemic, none of the dye penetrating 
into them during long periods. The facts are similar for Bier’s spots. 
An interval elapses before they appear, and they gradually become 
numerous, extensive and more completely blanched. 

The Influence of Vascular Distension 

Passing now to points of difference, one encounters first the fact 
that Bier’s spots develop in a skin suffused with venous blood, whereas 
the ischemic patching appears in one already notably anemic. Our 
first task has been to determine whether the suffusion is a necessary 
preliminary to the spotting or merely renders it visible. A lead had 
been pro^^ded through the observation that in animals the ischemic 
patching, though scattered broadcast over the body, tends to be 
- pronounced wherever local pressure differences would act to empty 
the vessels (6). For e.xample, it is especially marked over the back- 
bone and knees of rabbits crouching naturally, and over the uppermost 
portions of the prone body. The patching at such situations is 
distinguishable from that elsewhere only in its shape, as determined by 
local factors, and in the evident influence of slight differences in 
tension, or pressure, to determine the localization. We have asked 
ourselves whether such differences can act to determine the situation 
of Bier’s spotting. That this is the case can readily be shown. 

Test 1 . — The pressure cuff of a Tycos sphygmomanometer was placed high on 
the upper arm of a young man (R.),and his blood pressure was taken (102 mm. 
s\-Etol)C, SO mm. diastolic). The subject was seated beside a table with the arm 
in a natural position over a large mirror which it was kept from touching by a 
Eupjxjrt beneath the cuff and anothcrat thelowcrcdgc of the palm. The lower arm 
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■was horizontal with its radial side highest. The pressure in the cufT was brought to 
70 mm. for 5 minutes and then abruptl)' raised to 180 mm. Within 10} minutes 
from the beginning of the experiment Bier’s spots had begun to appear upon the 
greatl}' congested sidn of the arm and hand, and after 18} minutes they were many, 
large, and greatly blanched. Nearly all were on the upper surface though some 
few extended as far down as the palmaris longus; and in the mirror a single ill- 
defined one was visible on the under side of the arm. The thenar eminence showed 
numerous pallid splotches. The pressure in the cuff was now released. 

After an interval of a half hour to allow for tlie return of normal conditions the 
' e.xperiment was repeated with the subject in precisely the same position save that 
tlie lower arm was rotated inwards so that the thenar eminence and radial prom- 
inence were on the under side. After 13} minutes of complete occlusion of the 
vessels the spotting was as pronounced as before, and again it affected onl}'' that 
part of the arm and hand which was uppermost, precisely the part that had pre- 
viously been free from it. The thenar eminence, which had become so brilliantly 
blotched after the first occlusion, showed no spotting whatever nor did that 
portion of the arm which had former^ been uppermost and was now on the 
under side (Fig. 1). 

Another half hour was permitted to elapse, and then the test was repeated in 
the position first assumed. The findings were identical with the initial ones 
(Fig. 2). 

In some subsidiary observations made two days later the subj'ect of these tests 
lay prone on his right side with the left arm stretched horizontally across the 
mirror, and supported above it as before. The limb was so rotated at the shoulder 
that tlie ulnar side of the forearm was highest throughout its extent as had not 
been tlie case previously. The many Bier’s spots developing in 14 minutes of 
vascular occlusion were all in the skin of this upper, ulnar side. 

In experiments like tliis one can perceive, in subjects with a thin, 
fair skin, that during the preliminary venous obstruction tlie blood 
tends to accumulate on the dependent side of tlie arm, on!)’’ gradually 
mounting into the skin tliat is highest. Even when the preliminary 
period has lasted seven minutes, tlie upper side of the limb may still 
be paler and pinker than tlie lower. After arterial occlusion tlie 
difference in hue is soon lost, botli sides becoming violet blue; hut 
the difference in shade continues and is accentuated, not merely by 
the appearance of Bier’s spots on the upper side, but by a gravi- 
tation of blood from it into the dependent regions, which become 
more intensely suffused. Wlien the cuff is relaxed bright blood leaps 
at once into the empty vessels of the skin of the upper side, a brilliant 
pink hyperemia appearing there. Further down the change lags, and 
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often one can see, doudlike masses of dark blood gradually moved, 
broken up and dispersed in tbe sweep of bright blood. The entering 
stream has to displace little or nothing from the cutaneous vessels 
of the upper side of the arm but much stagnant blood from the lower. 

It has been our general habit since Test 1 to study Bier’s spots on the 
propped arm. The position hastens and localizes the spotting. 
Regularly Bier’s spots appear earliest, and are most abundant and 
whitest, in the skin of the upper side. (Figs. 2, 10, 14, and 15.) 
Nearly always they are absent from the under side, even when the 
arterial occlusion has lasted forty five minutes; and usually none 
have developed more than half way down. 

These facts escaped the attention of previous investigators for reasons that 
become evident when one reads their protocols. The arm with occluded vessels 
has either been let hang vertically, the local differences in spotting being attributed 
to anatomical differences in the skin of forearm, pahn and fingers, — or it has been 
rested directly upon a table with result that blood could not accumulate in the 
skin of the under side, and that this skin could not be seen. The position of the 
propped forearm which would seem to be most favorable to Bier’s spotting is that 
of horizontal half extension, thumb up. The boneless lower side of the arm into 
which the blood drains is flaccid under such circumstances, and the spots appear 
first along the ridge over the radius, in a region that is to say that is emptied not 
by gravity alone but by some actual pull on the skin over the bone by the heavy, 
sagging parts. 

Although the data thus far presented give good reason for the sup- 
position that suffusion of the vessels acts to hinder rather than to 
induce Bier’s spotting this cannot be concluded forthwith. For the 
upper side of the arm, gradually emptying of blood, would tend to 
grow cool sooner than the lower, and cooling favors the spotting.* 
In the test which follows, the under side of the arm was chilled in water 
at the temperature optimal for spotting (7). 

Test 2 . — The same subject (R.) was employed as in Test 1. Preliminary 
observations were carried out to determine whether the portion of the skin destined 
to be chilled later would develop spots if the arm were so rotated as to bring it 

• \\ c were baulked at first in attempts to elicit blanching under the Cooper 
Hewitt light for purposes of photography, by the heat that these fights threw out; 
but when the room temperature was reduced to 70= by a draft of air the difficulty 
was no longer encountered. 
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uppermost. For the purpose R. lay on his left side upon a table, with his right 
arm fully extended and horizontal at the shoulder level. The forearm was propped 
as usual above a mirror. The olecranon and ulnar border of the hand were the 
highest points. The pressure in the cuff on the upper arm was raised to 70° for 4 
minutes and then kept at 170 mm. for a further 27 minutes. During this period 
numerous Bier’s spots developed on the upper surface of the arm and hand, a few 
on the sides, but none below. 

An hour after release of the pressure cuff the subject was placed at a table, the 
right forearm horizontal and propped as before, but this time with thumb and 
radial side up. After 4 minutes of venous engorgement the arterv was occluded 
with 170 mm. pressure, and the arm was lifted by an assistant and placed in a large 
fish-kettle nearly full of water at 61°C. Only the lower half of the little finger and 
the skin of the under side of the hjrpothenar eminence and forearm were sub- 
merged. A single prop sufficed to hold the limb in place, one under the wrist. 
On the bottom of the kettle was a flat dish full of clean mercurj" which served as a 
mirror. The temperature of the room was 20°C., as in the preliminary observa- 
tions. After 11 minutes of arterial occlusion numerous Bier’s spots had developed 
on the upper side of the forearm, and several on the dorsum of the hand 11 minutes 
later. There were some also on the sides of the limb, extending in diminishing 
munber and intensity almost as far down as the water line. After 28 minutes 
there was still not a single one to be seen in the submerged cutaneous tissue, 
though now the whole upper side of the forefinger was blanclied and there were 
many large spots on the upper side of the hand and arm. Those situated on the 
sides had increased but little in size and not in number. The temperature of the 
water had risen to 81°C. The arm was now suddenly lifted out and the portion 
previously submerged was inspected directly for spots. There were none. The 
cuff was released. 

The results of this test, and of one like it on another subject, rule 
out cooling as the effective cause for the localization of the spots to 
the upper side of the propped arm. Tests were next undertaken to 
learn whether the spotting would be more abundant if the cutaneous 
vessels were emptied artificially instead of by gravity. 

Test 3 . — The subject K., a healthy young man, systolic blood pressure 110 nun. 
Hg., diastolic 80 mm., was seated at a table with the arm propped above a mirror, 
thiunb up. The arm was long, slim, thin skinned, fair, with but scanty hair, 
prominent veins, and almost no skin markings. The pressure in the cuff placed 
over the biceps region was raised to 70 mm. and three minutes later to 170 nun. at 
which it was maintained. By this time the numerous large veins had become 
greatly distended and the skin was everywhere violet. Now as rapidly as possi^ e 
an Esmarch bandage was wound tightly about the thumb and each finger, begm 
ning with the tip, and it was continued over the hand and up the arm to a point 
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nearly half way to the elbow. The bandaging was done rather slowly, both because 
it proved painful owing to the great engorgement, and to allow time for the blood 
forced out of the tissue to be accommodated in the upper arm. Immediately 
above the Esmarch a tourniquet was laid on to prevent retium of the blood to its 
original position. This tourniquet consisted of strong rubber tubing which 
flattened out into a strap 2 cm. broad when wound about the arm. The bandage 
was then removed. The entire process had taken four minutes. It could now be 
seen that aU the region below the tourniquet was pallid save here and there where 
the pressure exerted by the bandage had been uneven and a little blood had been 
caught between its folds, remaining behind as a pale violet blotch. The hand 
looked like a dead hand. On the portion of the arm above the tourniquet the skin 
was dusky violet, and a few fresh punctate ecchjmoses could be discerned. Seven 
minutes later it was evident that a considerable quantity of dark blood had passed 
the barrier of the tourniquet from above, owing to the poor situation of the latter 
on the thin, bony arm. This returned blood was not distributed evenly, nor was 
its situation haphazard as had been the case with the little left after the bandaging. 
It lay in well defined patches sufiusing the skin between very numerous spots, 
characteristic Bier’s spots. One of the largest blanched areas covered a part of the 
under surface of the wrist. There was at this time no spotting whatever on the 
congested arm above the tourniquet, but a few more ecchymoses bad appeared 
there. Three minutes later the condition was essentially unchanged (Fig. 3). 
Within another three, however, Bieris spots had developed in the greatly congested 
skin above the tourniquet. They were small and incompletely blanched, the 
largest only 6-7 mm. in diameter. Two were on the lower side of the arm. The 
violet congestion had no greater intensit}’’ on this side than on the upper one, 
for the obvious reason that the vessels were everjTvhere filled to a maximum. 
At the time the tourniquet was taken off, after 9 minutes in place, the contrast 
between the engorged and emptied segments of the arm was cxtraordinarj' (Fig. 4) . 
Below the tourniquet there was a leopard mottling, numerous brilliant, white 
blotches, many of them sharp edged, being scattered eveiywhere save on the under 
surface of the wrist. Here and on the dependent thenar eminence some less well 
defined ones could be made out. hlany of the others that were most blanched lay 
between, not upon, the bony projections of the hand, though in general they were 
localized in the highest skin regions. The cutaneous tissue between them ap- 
peared suffused with blood. The engorgement above the tourniquet was no 
greater on the dependent side of the arm than on the upper one, — the \iolet color 
being the s,amc in both situations; and the few small spots of rclarive pallor had 
not progressed in cither size or intensity. They cannot be made out in the 
photograph. No pinl: spots were \'isiblc am-ivhere at any time. Just before the 
tourniquet was removed the arm was changed from the horizontal posirion by 
lowering the prop beneath the hj-pothenar eminence 4.5 cm. This was done that 
gravity might aid in the distribution of the venous blood later. Immediately 
after the loosening of the tourniquet there was a rush of dark blood into the lower 
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arm and hand, with an instantaneous partial obliteration of many of the spots 
previously present. Yet the most pronounced of them remained largel}' uninvaded 
by blood during the succeeding three minutes before the pressure cuff was relaxed 
(Fig. 5). During this period no new Bier’s spots developed in the skin of forearm 
and upper arm, which had been suddenly relieved of its special engorgement; and 
the few small spots already present did not enlarge or become more distinct.* 
With the artery freed all previous differences were submerged in the sweep of an 
active hyperemia. ^Vhen this had subsided it could be seen that the skin everj'- 
where in the segment tliat had Iain between cuff and tourniquet was evenly 
speckled with ecchymoses. Below the situation of the tourniquet none were 
found. 

In this test the blood was forced from part of a congested arm into 
another part which in consequence became so engorged that some of its 
small vessels ruptured. But even in the extremely engorged tissue 
Bier’s spots appeared. They were as nothing, though, compared with 
the profusion of great spots over the emptied forearm and hand. The 
partial obliteration of many of these spots when the venous blood was 
allowed to return to its original situation proved due, as later tests 
showed, to the unusually slight tendencyof the subject to Bier’s spots. 
Almost none appeared on liis arm and hand when they were subjected 
to ordinary congestion and occlusion. In anotlier individual, with 
skin reacting more characteristically, the spotting resisted the reflux 
of venous blood and was accentuated thereafter. 

Test 4 . — ^This was carried out like Test 3 but on a middle-aged man (P.R.), 
whose arm was shorter and thicker, thin skinned but with many freckles. His 
systolic pressure was 120 mm. Hg, diastolic 80 mm. The artery was occluded 
after only 2^ minutes of venous congestion. Four minutes was required to force 
the blood out of hand and lower arm with the Esmarch bandage, and apply the 
tourniquet. There still remained an irregular pale violet tint here and there on the 
wrist and the back of the hand, one so slight that it is not evident in the photograph 
(Fig. 6) . The hand now looked like that of a cadaver. During the succeeding 
16 minutes with the tourniquet in place some small, pale patches developed in the 
skin above it, turgid though this was with the excess blood forced in. The patches 
were not localized to the upper side of the arm. Below the tourniquet the surface 
veins gradually filled, though under very slight pressure, and sufficient blood 
reentered the skin to demonstrate the existence in it of extensive regions of vascular 
contraction, regions demarcated as such by the failure of the blood to pass into 
them. These regions were larger and more numerous on the upper side, but there 

* For the purposes of photographing Fig. 5 the arm was raised temporarily to 
the horizontal. 



PEYXON ROUS AND H. R. GILDING 


497 


■were some in tlie dependent re^ons nnd otHers tlint extended into them from 
above. Especially notable was a blanched area several centimeters in diameter 
about the ulnar prominence. The entire radial side (upper side) of the forearm 
•was covered by a huge, bloodless spot extending around irregularly to the lower 
surface of the -wrist. Over the region about the knuckle of the index finger was 
another, less extensive blanching. 

Now the tourniquet was released. Just previously the hand had been lowered 
2.2 cm. in order to fadUtate the return of blood to it, and a little afterwards it was 
lowered 2.2 cm. more. The height of the prop under the upper arm was not 
changed. The blood rapidly foimd its way back, even to the tips of the fingers, 
and its presence threw into relief on a -violet ground the extensive pallid areas 
(Fig. 7) . In the six minutes that elapsed before the circulation was again allowed 
to enter the limb, these areas became sharper-outlined and progressively more 
blanched, to a dead white. The one which lay over the radius now extended 
rapidly into the skin where the tourniquet had pressed, through tissue that stiU 
bore the deep marks of it, and into that portion of the arm which had been forcibly 
congested (Fig. 8) . The few small spots previously present in this latter became 
more clearly marked, but were, to the end, far smaller than those developing in the 
same region of the same subject under the ordinary conditions whereby Bier’s 
spots are elicited. 

I\Tien the cuff was relaxed all of the blanched patches were lost at once in the 
active hyperemia flooding the skin, except that about the base of the first finger, 
which very gradually faded. In the region above the tourniquet, which had been 
so greatly congested, the skin was evenlj' stippled with minute ecchymoses. These 
were no more numerous where the little blanchings had been than they -were 
elsewhere. 

At no time after the Esmarch bandaging -were any arterial spots, “red spots,” 
visible, though some had been seen about the -wrist during the preliminarj' period 
of venous engorgement. 

These findings confirm Test 3 and, like it, afford conclusive evidence 
that the emptier the vessels are, the greater is -the tendency to that 
secondary contraction of them which produces Bier’s spots. The 
other arm of the subject P. R. was submitted to the same test, though 
with a preliminary^ period of engorgement lasting 3 minutes; and 
essentially the same phenomena were obseiA^d. Once again an 
enormous blanched patch developed over the radius, e.xtending from 
tourniquet to wrist, and rapidly becoming dead white and more 
sharply demaroited after the reflu.x of venous blood. Under the 
ordinarj’ circumstances which lead to Bier’s spotting, and after the 
same time at the same temperature, the subject showed no spots 
more Ilian 21 cm. in diameter. 
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Test 5. — In some subsidiary tests on P.R. the arm was largely emptied of blood 
before pressure was thrown into the cuff, bj' raising it above the head and con- 
tracting its muscles. Then a pressure of 180 mm. of Hg was abruptly thrown into 
the cuff and the limb was lowered and propped in the usual horizontal position 
above a mirror. It was pallid, with but slight distension of the surface veins. 
After some minutes the dependent side of it became pale violet because of an 
accumulating small quantity of blood, and here as time went on characteristic 
Bier’s spots were to be seen. All over the upper, radial, side of tlie arm, which was 
pale as before, one could make out dimly a great saddle-shaped blanching with 
ragged edges demarcated by the h 5 ’peremia below. /Vfter the lapse of nearly 
half an hour the pressure in the cuff was lessened, till at each inspiration a little 
arterial blood passed its barrier. This first appeared as a pink flush on the under 
side ox the arm, which, gradually mounting, obliterated some spots and placed others 
in sharp relief. With due care taken that the influx of blood should be gradual, 
the last mentioned spots persisted although they were surrounded and demarcated 
by bright arterial blood. After the arm had become fairly engorged the circula- 
tion was once again cut off. Within two minutes many Bier’s spots that were 
entirely new sprang into view, sharp edged and strikingly pale, replacing here and 
there a pink hyperemia which had only just begun to take on a violet cast. 

These various facts prove that suffusion of the vessels is not neces- 
sary for Bier’s spotting but merely renders it evident to the eye. They 
show that one of tlie main differences between tlie conditions asso- 
ciated with the development of Bier’s spots and the ischemic patcliing 
in animals, namely fullness and emptiness, respectively, of tlie vessels, 
is superficial in nature. Instead of favoring Bier’s spotting distension 
of the vessels acts to liinder it. The spots develop much more pro- 
nouncedly when blood channels are almost completely emptied, that is 
to say when they are in the state that one finds associated witli the 
ischemic patching of animals. 

The Influence of the Character of the Blood 

The patcliing develops while there is still a dribble of blood through 
the tissues, whereas Bier’s spots, as ordinarily elicited, appear in tissue 
from which the circulation has been wholly cut off. Will tliey de- 
velop, like the patching, in skin still supplied with a little arterial 
blood? It is easy to show that this is the case. 

Mention has been made of the “red spots” fed by arterial col- 
laterals which appear about the hand and wrist after occlusion of the 
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vessels in the upper arm * Bier’s spots can be observed to develop 
secondarily in the midst of not a few of these. The fact is demon- 
strable either by following the late changes in “red spots” outlined, 
with dots of india ink, or by inducing relaxation of the vessels of Bier ’ s 
spots, noting the color of the blood that flows into them and the 
happenings thereafter. Levds found that stroking the spots causes 
them to disappear (8). We have employed either this or gentle 
tapping to induce relaxation. The color of the blood that surges in 
discloses whether it is arterial or venous. And there is another, sub- 
sidiary criterion. Rehberg and Carrier noted that the blood entering 
“red spots” blanched by pressure direct wells up from underneath, 
whereas after pressure elsewhere on the congested arm it rushes in 
from the violet tissue round about. When the vessels of Bier’s 
spots are abruptly relaxed the direction from which the blood comes is 
indicative of its derivation. 

* The “red spots” appear pale by contrast with the tissue about them. Rehberg 
and Carrier suppose the tone of their vessels to be maintained by the arterial 
blood, the result being that they do not become engorged like those about them. 
Our findings support this explanation, as do those of Lewis on the pallor e.xisting 
about telangiectases. In five healthy individuals out of eight serving for the 
study of Bier’s spots we have observed local blanchings of special character, well 
marked, pale areas surrounding little vascular naevi on the congested arm. They 
came to attention late in a long preliminary period of venous engorgement, and 
persisted for the first ten or fifteen minutes of arterial occlusion, sometimes longer. 
So small was the central naerms often that it not infrequently escaped notice 
before the arm was engorged and then appeared as only a minute point. Even in 
such instances the surrounding zone of pallor had often a radius of more than one 
half centimeter. 

The blanchings about nae\-i, instead of intensifying like Bier’s spots, tend to 
disappear as the period of stasis lengthens. That they are attributable,— like the 
pallor of the “red spots,” — merely to a local persistence of vascular tone in areas 
unusuallj’ well supplied with blood because of pro.ximity to the naevi, was indi- 
cated by an involuntaiy c.xpcrimcnt. One of us had a slightly raised, discoid, 
bright red birthmark, about 1 J millimeters across, in the skin of the fle.xor surface 
of the forearm. Pronounced blanching could be elicited for approximately one 
centimeter around it. As result of the frequent demonstration of the phe- 
nomenon clotting occurred throughout the naeval vcssscls. The mark became 
purple and was no longer to be obliterated by pressure. From the time of these 
changes the blanching could not be induced, nor can it now when the clot has 
disappeared without return of the abnormally abundant circulation. 
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Two protocols out of many will suffice. 

Test 6 . — Subject P. R. The arm was rested on props as usual, in a position 
midwaj’- between pronation and supination, the bases of the thumb and forefinger 
being highest, and at the same level. The period of preliminarj’’ venous engorge- 
ment was 7 J minutes. Plere and there amid the increasing violet hue of the arm 
could be seen pink spots, regions where the arterial supplj'- must have been es- 
pecially direct. These were outlined with fine dots of india ink. Soon after the 
arterj'' was occluded most of them turned violet; but as the general color deepened 
one saw amidst it, after minutes, several persisting pink spots about the base 
of the thumb and forefinger. After 7 minutes white blotches were developing on 
the upper side of tlie arm and hand, and after 14 minutes they were well marked. 
Special note was made of their relation to the pink spots. Three of the latter 
about the thumb and forefinger endured for some time as such, but gradually two 
of them were replaced in large part b}'^ complete blanchings without anj' interven- 
ing period of violet coloration. Within the confines of these two, pallor and pink- 
ness were juxtaposed. The third remained pink to the end of the observations. 
Bier’s spots also developed in, or encroached upon, some of the vdolet regions 
marked with ink, where the skin had received arterial blood during the initial 
period of engorgement. 

Test 7 . — The subject was a young woman, K., witli a systolic pressure of 104, 
diastolic 75. She sat beside a table with the right arm propped above a mirror as 
usual, tliumb up. The arm was plump, tanned on its extensor surface but with 
thin white skin on the flexor. Few veins or other natural markings were visible. 
The preliminary period of venous engorgement with the cuff at 60 mm. Hg pressure 
lasted 6 minutes. As the arm filled one could perceive pink areas here and there 
amid the pale violet, in special one about the base of the thumb. Now the pres- 
sure was raised to 160. A minute later the arm appeared everj^vhere of the same 
light violet save on its upper surface where were a few pale flecks, — beginning 
spots. After 7 minutes of arterial occlusion these spots were much larger and 
better defined, situated characteristically on the upper side of the limb, especially 
near prominences on the hand and over the veins of the forearm. There was a 
very large and pallid one around tlie base of tlie thumb. This was now lightly and 
repeatedly tapped with tlie smooth, round head of a small hat-pin. Practically 
at once it melted away and was replaced from underneatli b}'^ an area of activ’^e 
hyperemia very vivid against tlie surrounding violet. Three other spots situated 
respectively at the base of the thumb, about the knuckle of the forefinger, and on 
the inside of the wrist were similarly treated, and these were also replaced by pink 
areas. The four largest spots on the forearm were now tapped. They too dis- 
appeared, blood rushing in from the sides to engulf them; but this blood was 
violet not red, and tliey were completely obliterated for a little while, gradually 
reasserting themselves. About the knuckle, metacarpal and thumb the spotting 
also reappeared, developing in the midst of the induced pink patches, then still of 
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either a frank pink or violet pink color. Tapping them a second time caused two 
of them to be replaced by the same violet hyperemia as existed in the siurounding 
tissue. Only the one over the thumb was again replaced by bright blood. The 
procedure was repeated a third time and with the same results. The cu£t was 
released after 151- minutes of occlusion. Some of the spots over the thumb and 
hand remained pallid for many seconds after the rest of the arm had become 
brightly hj-peremic. 

The force of the tapping was no greater than proved just sufficient to drive the 
blood momentarily from normal skin of the same subject. 

The method employed in the first of these tests, namely observation 
without interference, is the preferable one. For, as will be shown 
further on, stimulation of the cutaneous vessels during stasis often 
causes an enduring response of them such as cannot but complicate 
the situation. A survey of many instances enables us to state that 
Bier’s spots develop far more frequently in “red spots” than elsewhere 
on the congested am. 

The amount of arterial blood which passes the cuff by way of 
collaterals is exceedingly small (9), and there can be but little circula- 
tion through the “red spots” which are the sole cutaneous regions to 
receive it. Test 7 indicates that when the vessels of these spots close 
_ down the arterial blood accumulates behind the obstruction, to flow 
once again into the tissue when it is removed. Irrespective of this a 
certainty emerges from the obsenmtions, namely, that Bier’s spots 
■ndll develop in regions 'with tonically contracted vessels receiving a 
little arterial blood, that is to say in tissue placed under essentially 
the same conditions which lead to the ischemic patching of animals. 
True, the vessels of the “red spots” are not nearly so empty as those 
of the pallid skin which shows this patching. Were they as empty one 
would e.xpect Bier’s spots to occur earlier and be still more pronounced 
(vide Tests 3 and 4). 

The major differences in tlie local states leading to the ischenne 
patching and Bier’s spots have now been dealt with. It is plain that 
the differences are not basic in nature, but are incidental to the 
methods of c-xperimentation. 

Recurrence and Persistence oj the Blanchings 

Bier’s spots tend to recur in the same situations (10). One reason 
for this we have disclosed in the influence of local pressure differences. 
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If the arm be in exactly tlie same position and state at each test one 
would expect that the spotting, as determined by such influences, 
would be in the same places at successive tests. But if the limb be 
turned ever so little, or tlie muscular tensions within it altered there 
would almost certainly be a shifting. Tliis will e.xplain tlie failure of 
some observers to note recurrence (11). Only the crudest, most 
obvious, of the local pressure factors come to the eye of the observer. 
He cannot perceive those interior strains, stresses and structural 
differentiations whicli must largely determine the situation of the 
blanchings. 

Lewis has called attention to the fact that blanchings frequently occur over 
distended surface veins and ma}’^ mark out their course. He has tentatively 
advanced the e.\planation that the skin is cooled here more than elsewhere by tlie 
blood passing up from the hand, tliough, as he furtlier remarks, themiopyle ob- 
servations have failed to disclose such a cooling. In the course of our own studies 
blanching has very often been noted over distended veins and obsen^ed to recur 
there time after time, but this has been only when the veins were upon or near the 
upper surface of the arm. When the arm was so rotated that they were brought 
to tlie dependent side there was ordinarib’ no spotting whatever in the skin cover- 
ing them (Figs. 1 and 2), or at most a faint one. It is clear tliat the spotting over 
veins merel}'^ constitutes a special case of the influence of local pressure differences. 
But whether these, as determined by postural and stnictural anomalies, will 
account entirely for the distribution of the blanchings is doubtful. Bier’s spots 
do not occur over all the distended veins on tlie upper side of the arm nor even all 
along the course of a single one. The blanching is not broadcast on the skin of a 
hand emptied of blood (Tests 3 and 4) but is discrete and sharplj' localized. 
Rehberg and Carrier have advanced the view that the small vessels are more 
sensitive in some places than in others, those of certain areas contracting promptly 
to stimuli that are ineffective elsewhere. 

In numerous experiments reported separately (12) we have sought to 
determine whether the ischemic patches of animals recur in the same 
situations. Such of them as were obviously conditioned by local 
factors regularly did so, and so also with many of which this was not 
manifestly the case. Others failed to recur, and new ones appeared in 
different situations. At the time of the work the importance of 
precisely duplicating the original posture and conditions was not 
recognized. Both as concerns recurrences in the same situation and in 
the failures to recur the patches in animals resemble Bier’s spots. 
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During the experiments referred to, -wliich involved the reinjection 
of blood, it was repeatedly observed that the ischemic patching per- 
sisted for a considerable time after the blood volume had been restored 
and the systemic blood pressure had mounted to or beyond the 
previous level. Indeed, with the improvement in the circulation the 
patches often became more brUhantly demarcated than before. One 
is reminded of Lewis’ observation that Bier’s spots stand out more 
strikingly when the arm is placed in warm water, evidently because of 
a greater engorgement of the vessels about them. He noted further- 
more that imder ordinary conditions the most pronounced spots 
disappear only gradually after the pressure cuff is relaxed despite the 
bright, general hyperemia (13). In our own experience spots have 
never persisted for more than a minute or two. Their failure to last as 
do the patchings of animals when the blood bulk has been restored 
may conceivably be due to the relatively brief period during which the 
circulation is cut off from the arm and the slow metabolic rate of man 
as compared with the rat, rabbit, and cat. 

The identification of the ischemic patching in animals with Bier’s 
spots in man would seem in view of all the foregoing to be reasonably 
complete. But there remains the task of determining their cause. 

Proximal Causes of llie Coilraction 

What impels the small vesseb to contract? There is much to show 
that when the circulation through them is cut off they become hyper- 
irritable. Torok and Rajka (14) have reported that stroking the 
arm strongly soon after congestion and arterial occlusion leads to an 
especially great dilatation of the cutaneous vessels. We have noted, 
both dilatation and prolonged contraction as result of stimuli ordi- 
narily negligible. 

Test S . — ^The subject was a young woman, JI.T., blonde w’th a plump arm and 
fair, thin skin, systolic blood pressure 124 mm. Hg, diastolic SO mm. The arm 
was propped above a mirror, thumb up. Almost immediately after the pressure 
in the cuff had been raised to 70 mm. a white spot appeared on the inner side of the 
wrist, and with the lens a pin-point naevus could be discriminated at its center. 
Such had been searched for previously but not found. .After 7 minutes of gradual 
venous engorgement the pressure w.as raised to 160 mm. Already pallid spots 
had begun to appear on the upper side of the arm. 9 minutes later, when there 
was a characteristic spotting in this region but none lov.cr than about two-thirds 
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tlie way down the side of the arm, stimulation of the skin was begun. It was 
repeatedly and gently tapped here and there with the rounded head of a hat-pin. 
Wien tlie tapping was within a centimeter of a Bier’s spot this as a rule disappeared 
promptl)'^, though temporarily, bj’’ a flushing with venous blood from its sur- 
roundings. Tapping on Uie dependent side of the arm, where there were no 
blanchings, caused tlie skin that was directly struck to become a deeper violet than 
elsewhere. Well defined, greatly engorged areas about 0.5 cm. in diameter could 
be thus elicited at will. A row of them were in tliis way brought into e.xistencc 
low along the inner side of the arm (Fig. 9). About each was a broad areola, or 
halo, approximately 2 cm. wide, of skin paler than its surroundings. This paling 
developed at the same time that the central spot did. Both persisted for more than 
fifteen minutes (Fig. 10), being graduall}'^ lost thereafter in the general congestion. 

- Despite a considerable venous pressure, great engorgement, and 
long stasis the small vessels most unfavorably situated in this subject, 
those on the lower side of the arm, though engorging more and more 
with blood from above, still retained some tone as shown by the 
increased engorgement when they were stimulated mechanically 
(Figs. 9 and 10). Blood from tlie surrounding tissue tlien flowed 
into them with result that the vessels jdelding it were partially emptied 
of their contents. They did not fill again to the previous extent but 
remained for a long period more contracted tlian those elsewhere, as 
was plain from the local pallor (Fig. 10). 

One can suppose that in tliis instance tlie meclianical stimulus 
caused merely a dilatation of tlie small vessels directly afltected, the 
active contraction of tliose adjacent occurring in response to an 
emptying of them into the central patch of skin. Or perhaps con- 
traction was induced by transmitted tension on tlie skin, a cause 
suggested for the pallor peripheral to tlie reflex flare from stroking (15). 
The first explanation will not cover tlie following case in whicli tlie 
lightest touch, one insufficient to displace any blood, caused extra- 
ordinary blanchings. 

Test P . — The subject R., of Test 1, was seated with the left arm propped hori- 
zontall}'^ at tlie shoulder level, above a mirror and rotated internall}'^, with the 
thumb hanging down and the palm of the hand resting upon a box. The mirror 
was slanted so that photographs of the skin on tlie under side could be obtained. 
The pressure in the cuff was raised to 70 mm. Hg for 4 minutes and then to 170 
mm. Five minutes later Bier’s spots had begun to appear over tlie arm and hand. 
After 25 minutes of arterial occlusion a photograph was taken to show the distri- 
bution of spots on the dorsum of the hand between the forefinger and thumb 
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(Fig. 11). Immediately thereafter the skin was very gently stroked with the 
rounded head of a hat-pin in a region where the only spotting was a few, very 
scattered white dots. The stroking was continued for about 15 seconds, over a 
circular area about 2 cm. in diameter, and it was so light as not visibly to depress 
the skin. MTien carried out on the normal hand of the same subject it caused 
merely a tickling sensation and no evident vascular reaction. A few seconds after 
it very white Bier’s spots sprang into view in the region stroked, so white and so 
sharply demarcated as to give the appearance that the skin was raised. In Fig. 
12 these spots are shown and the center of the area previously stroked is indicated 
with the hat-pin. After a minute the stroking was repeated in another purple 
region and with the same results (Fig. 13). There now remained only one large 
unblanched region on the dorsum of the hand. This in turn was stroked, and it 
too paled. A photograph 1 1 minutes later shows how widespread was the blanch- 
ing, none of which had faded (Fig. 14). From time to time the dependent thenar 
region had been stroked, but nithout eliciting the least change. No blanching 
appeared there at any tune. 

After 33 minutes in all the pressure in the cuff was relaxed. The spots 
promptly disappeared. 

The reflection of the under side of the arm and the thenar eminence in Fig. 14 
discloses that they were free from spots. But when, shortly after on the same day, 
the limb was placed with thenar eminence up, and congestion and occlusion were 
produced, the regions previously free promptly became spotted, whereas the part 
of the arm that was now lowest showed no blanchings save for one spot assodated 
with a birthmark (Fig. IS). 

In this instance intense blanchings sprang into existence, as result 
of a pressure insufficient to displace the blood from the vessels. 

Wolf elicited Bier’s spots on arms paralyzed by nert^e severance 
and watched them spread upon sensitive and insensitive skin alike. 
To Lends tliis is proof positive that nen^ous activity has nothing to do 
with them. He invokes as their cause vaso-constrictor substances 
formed within the skin after the circulation has been cut off, and 
eventually accumulating in such strength that their influence domi- 
nates over a vaso-dilator substance also assumed to be present. To 
account for the prompt disappearance of the blanchings when blood 
is again let into the arm the further assumption is made that the 
constrictor substances arc so highly diffusible as to be flushed out and 
away practically at once while tlic dilator substance, remaining 
behind, c.\-erts its characteristic effect. The disappearance of Bier’s 
spots on stroking ho attributes to a local redistribution of blood, 
whereby the tissue is relieved of its e.vccssive concentration of vaso- 
constrictor substances. 
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Certain of our data make difficult acceptance of these various sup- 
positions. Bier’s spots occurring where “red spots” previously were, 
can be temporarily flushed with arterial blood from the underlying 
regions by mechanically stimulating llie vessels to relax. But they 
become red for only a minute or so and tlien blanch once more (Tests 
5 and 6). Surely a vasoconstrictor substance with the diffusibility 
necessitated by Lewis’ conception would have been diluted if not 
carried away by tlie influx of arterial blood, and blancliing could not 
have recurred so promptly. In the test which follows, the stroking 
of one Bier’s spot led to the appearance of another separated from the 
first by a belt of engorged skin. The passive transfer of vaso-con- 
strictor substances out of one cutaneous region into another will 
scarcely explain such a phenomenon. 

Test 10 . — The subject D. D. (systolic blood pressure 120 mm. Hg, diastolic 
80 mm.) had a long, fairly nourished, thin skinned arm, slightly and evenly pig- 
mented, and an unusually pink hand. The limb was propped over a mirror as usual, 
with the knuckle of the forefinger as its uppermost point. The pressure in the 
cuff was raised to 70 mm., and to 160 mm, after 7 minutes, fi) minutes later 
tlie whole lower side of tlie arm was noted to be much more congested tlian the 
upper where already numerous scattered pale patches had developed. A minute 
later a small, circumscribed pale patch about 1 cm. in greatest diameter, Ijung 
over the first metacarpal, was repeatedly tapped with the rounded head of a hat- 
pin. It promptly disappeared, venous blood surging in from the sides, but within 
less than half a minute a blanched patch suddenly appeared about 1 cm. distant 
from where the previous one had been and wholl}’' separate from it, over tlie second 
metacarpal, that is to say well above tlie previous spot. This new patch was about 
3 cm. in greatest diameter, much more blanched than tlie original patcli, so white 
and distinct indeed as to suggest urticaria, tliough none was discernible on palpa- 
tion. No apparition of tlie sort occurred elsewhere on tlie arm at any time, 
save in response to the stimulus of tapping. This stimulus was applied to several 
other spots during tlie period before the cuff was rela.xed, after 18 minutes of total 
occlusion in all. Some of the blanchings disappeared for good, others disappeared 
and gradually recurred in greatly enlarged form, while in tlie neighborhood of yet 
others new and more or less completely separate blanchings sprang into view. 
Tapping the skin on tlie upper side of tlie arm in unblanclied regions caused a 
blanching tliat proved persistent to appear here and there; but on the under side 
no response followed. Onl)’^ on the hand were the Bier’s spots numerous or large. 

In tills and like tests tlie stimulus wMcli caused relaxation of tlie 
vessels of Bier’s spots brought about contraction of tliose in the 
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neighboring engorged skin. It may well be that throughout the 
cutaneous tissue a constrictor substance had accumulated which 
became effectual only when some other stimulus, here a mechanical 
one, was added to its own. But it will be safest at present to go no 
further in general explanation of Bier’s spots than to suppose that the 
contractile cells of the small vessels, when no longer properly served 
by the circulation, become abnormally irritable, responding with 
contraction (or with dilatation) to stimuli that are ordinarily in- 
effective. 

DISCUSSION 

The identification of the ischemic patching in animals with Bier’s 
spots rests upon likenesses which can be summarized as follows: 


Ischemic Patches in Animals 


BiePs Spots in Matt 


They are blanched areas of skin, similar in appearance and enlarging in the same way. 
They develop secondarily in tissue no longer well served by the circulation. 


The patches are rendered visible by the 
vital staining of their surroundings. 

The patches appear in skin still receiving a 
little blood but nearly empty of it 


The spots are seen because of the blood 
in the congested skin about them. 

The spotting is most pronounced in skin 
inadequately supplied with blood and 
nearly empty of it 

Both tend to recur in situations previously affected. Local factors which act to empty 
the vessels are largely responsible for this. 


The patches that have lasted long fre- 
quently persist for some time after the blood 
volume has been restored and the systemic 
blood pressure has reached the previous level 
or a higher one. 


The spots that are most pronounced, — 
those usually which have lasted longest, — 
do not at once disappear when the circula- 
tion is restored and the surrounding skin 
has become actively hj-peremic. 


It will be seen that like causes in the two cases lead to results that 
are also alike in their major aspects. WTiether the patclies and spots 
are due to physiological mechanisms that are identical in detail 
remains uncertain. Human skin has some unique characters. 

There arc additional, minor points of resemblance between the two 
phenomena. Bier’s spots are caused by a contraction of capillaries 
and venules, whiclr can be followed dircctl}* under the microscope. 
The ischemic patching in animals cannot be so studied, but its long 
persistence in a skin elsewhere intensely stained after restoration of the 
blood bulk indicates that the small vessels must be closed down, 
since othcnvisc a staining should occur by way of the numerous vascu- 
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lar anastomoses. The contractile tendency is sometimes strong in 
Bier’s spots, as shown by tlioir development in skin engorged to tlie 
degree of ecchymosis (Tests 3 and 4). It is strong too in tlie ischemic 
patches, which frequently resist tlie entrance of blood at high pressure 
(12). Stroking will cause Bier’s spots to disappear temporarily. 
It has the same effect on the ischemic patcliing, as shown by disap- 
pearance of tlie localized acidosis secondary to it (16). 

One can exclude not a few possible causes for the contraction which 
gives rise to Bier’s spots. 

Though elicited ordinarily in an engorged skin the spots are not induced by the 
engorgement, but on the contrary arc rendered greath' more widespread and 
pronounced by emptying tlie vessels. It follows that their cause cannot lie in 
changes undergone by the stagnant blood. The 3 '’ occur more often in “red spots,” 
where there is still a little arterial flow, than in the violet tissue round about; and 
the}’' sometimes resist the entri’ of arterial blood (cspeciall}’ when it is under ver)’ 
low pressure) and may rapidlj’ appear in skin rendered pink secondarily by slowly 
admitting it after a period of occlusion (Test 5) . From all this it would seem that 
neither lack of o.xygen nor accumulation of carbon dio.xide can be their immediate 
cause. Lewis’ hypothesis that the}’ are referable to highly diffusible vaso-con- 
strictor substances developing in the tissue is, as we have shown, not tenable in its 
present form. The fact that the blanching is relatively infrequent in regions 
containing blood, and that it may be largely dissipated by a reflu.x of venous blood 
under slight pressure (Test 3) had at first seemed to bear out the idea that the 
fluid might have an effect to neutralize or dilute constrictor principles present in 
the tissues. But during the course of tests on the point it was observed, as has 
just been mentioned, that when blood was let slowly into tissues deprived of it 
for some time new spots frequently formed, and this no matter whetlier tlie fluid 
had come from other parts of the occluded limb or from the reopened arter}’. 
One is forced to conclude that its influence to prevent spotting, as on the under 
side of the arm, is merely mechanical. And tliis influence is not always effectual. 
Some definite blanchings occurred even when engorgement of tlie vessels was 
pushed beyond the tolerable limit, as shown by ecch}'moses; and under sucli 
circumstances the spotting was as frequent on tlie upper as on the lower surface 
of the arm, the influence of gravity to localize it having been rendered negligible 
by a distension of the vessels so extreme everywhere that no shifting of tlieir 
contents was possible. 

Rehberg and Carrier have advanced the view that there is a greater tendency to 
vascular contraction at some places tlian at others. And certainly tliere are 
regions in which it is sufficient to overcome the maximum pressure that the vessels 
will stand witliout bursting (Tests 3 and 4). The cause is not clear for the localiza- 
tion of some of the resultant blanchings in the dependent skin which shows none 
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when the congestion is less. Perhaps the tension due to the enormous engorgement 
acts as a stimulus. For, as our tests have shown, the vessels liable to contract 
are hyperirritable, responding readily to alterations in skin tension. Whether 
their abnormal irritability is caused by materials retained or lacking, is uncertain, 
but whatever its cause fillin g the vessles with fresh blood does not at once do 
away with it. The influence of local nervous influences to condition its manifesta- 
tions is far from being ruled out. 

Wolf has shown that Bier’s spotting occurs independently of central nervous 
influences (17). The fact that the situation of some of the ischemic patches in 
is frequently determined, like the spotting in man, by slight local impedi- 
ments to the circulation, and the further fact that the patching thus localized may 
persist long after the original impediment has been rendered negligible bj' improve- 
ment in the general circulatory condition, both speak for the importance of local 
causes. Nevertheless the influence of the central nervous system must still be 
reckoned with. A vaso-constriction of central origin in compensation for a 
reduced blood bulk may cut down the peripheral circulation to such extent as to 
render the conditions favorable to a blanching developing secondarily. The 
ischemic patches on the skin of animals plainly comes about in this way. And 
we have shown that Bier’s spots develop in man not only when stasis is complete 
but when there is still some little arterial flow to the part, as would be the case 
under the circumstances of a compensatory vaso-constriction of central origin. 

One would expect Bier’s spots to appear and coalesce into a wide- 
spread blanching wherever the circulation has been greatly reduced 
for some time. And they are actually observed. The march of 
events in patients with femoral embolism is as conidncing on the point 
as any laboratory tests (18). Babies partially asph>cdated while being 
born are purple or mottled {Asphyxia Imda) if the period of suffocation 
has not been long, but in severer instances with a feeble heart and low 
blood pressure the skin is waxen white {Asphyxia pallida) (19) . These 
waxen babies usually cannot be revived. That adults ever live long 
enough in circulatory collapse for a generalized blanching to develop 
seems doubtful; but it appears very shortly after death, and hence the 
whiteness of the cadaver (20). The great pallor of the extremities in 
cases of severe shock or hemorrhage that have lasted for some time 
may well be due in part to a secondary’ contraction of the cutaneous 
vessels. Lewis (21) refers the whiteness of Ra\-naud’s disease to this 
cause. 

There can be no doubt that tire \-ascular contraction which fmds 
expression in Bier s spots and in the ischemic patching of animals is a 
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response liiglily fortunate for the organism. It acts to conserve both 
blood and heat, and this •without expenditure on the part of the 
central nervous system. The gradual pace at ■which the flow is 
resumed when tlie ischemia has endured for a long while (22) may 
not be without its benefits, since thereby the accumulated metabolic 
products of ischemia are released only little by little into the blood 
stream. 

In a subsequent paper the influence of the final vascular contraction 
upon certain forms of vaso-dilation vdll be discussed. 

SUMMARY 

A study of the blancliings (Bier’s spots) which develop in human 
skin deprived of circulation has proved them referable to the same 
general causes that lead to ischemic patching of the skin of animals, 
and that they are conditioned by the same factors. Both are 
expressions of a secondary contraction of vessels that have be- 
come hyperirritable o'wing to an inadequate circulation. The 
contraction is favored by emptying the vessels, but it occurs pro- 
nouncedly even when there is a trickle through them of arterial blood. 
In the case of man the contractile impulse is sometimes so great as to 
overcome the maximum pressure that the vessels ■will support. 

The significance of the observations is discussed. 
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EXPLANATION OF PLATES 
Plate 24 

Figs. 1 and 2. To show the localization of Bier’s spots to the upper side of the 
propped arm (sec Test 1). Tlie photographs were taken from above and in 
front of the arm, to include the mirror reflection of its under surface. 

In Fig. 2 t 3 ’pical spots can be seen along the course of the radial basilic vein, 
which did not occur when the limb was so placed that this vessel lay on its under 
side (Fig. 1). (In Fig. 1 there is dimlj' \isible on the under side of the arm a pale 
birthmark outlined nith dots of India ink.) 

PlATE 25 

Figs. 3, 4, and 5. Bier's spotting is favored by emptj-ing the vessek and 
prevented by forcibly engorging them (sec Test 3). The blood from the hand and 
lower part of the congested arm with circulation occluded had been forced into 
the upper part and largclj- retained there by means of a tourniquet. 

Plate 26 

Figs. 6, 7, and S. Bier’s spotting is favored by emptying the vessels and 
prevented by forcibly engorging them (sec Test 4). In this subject the tcndcnc>’ 
to \-ascular contraction was far greater tlian in that of Test 3. Between the 
wrist and the m.arks of the tourniquet an immense blanched area can be seen 
whicli resisted the return of the venous blood. 
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Plate 27 

Figs. 9 and 10. The effect of local mechanical stimulation upon the vessels 
of tlie congested arm with occluded circulation (see Test 8). The arrows point to 
three areas low on the side of the limb, which had been repeatedly tapped witli the 
head of a hat-pin. Where this struck there is a greatlj' increased congestion, while 
round about there is pallor. Fig. 9 shows the immediate response, and Fig. 10 
that it was present unchanged after IS minutes. 

Plate 2S 

Figs. 11 to 15 inclusive. To show that Bier’s spots can be made to appear by 
light stroking of the skin (see Test 9). In Figs. 12 and 13 the point of the hat-pin 
indicates the regions previously stroked and now occupied by spots. In Fig. 14 
the blanched areas have extended and coalesced in response to strokings between 
them. 

In Figs. 14 and 15 mirror reflections arc included, since these demonstrate that 
the spotting was localized to the upper side of tlie arm irrespective of the position 
of. the latter. 

The photographs of Figs. 11 to 15 were taken by Cooper-Hewitt light. 
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STUDIES ON BACILLUS TYPHOSUS TOXIC SUBSTANCES 

TTT . The Effect of Sera upon the Injury Producing Factors 
OF THE Phenomenon of Local Sion Reactivity 

By GREGORY SHWARTZMAN, M.t). 

(From the Laboratories of the Mount Sinai Hospital, New York) 

(Received for publication,. July 13, 1929) 

• In previous communications (1-8) there was described a phe- 
nomenon of local skin reactivity to culture filtrates of'bacillus tj'phosus 
and other microorgamsms. The reactivity was induced by the in- 
jection of a filtrate into the skin of a rabbit. If 24 hours later an 
intravenous injection of the same filtrate was given to the rabbit, 
there appeared an extremely severe hemorrhagic necrosis at the site 
of the previous injection. The factors determining the local skin 
reactivity were termed “skin preparatory factors” and those responsi- 
ble for the local injury following the intravenous injection were called 
“reacting factors.” Features characteristic of this phenomenon as 
well as certain properties of the skin preparatory factors were de- 
scribed. One of these properties was the specific neutralizability by 
immune sera of the skin preparatory factors (2, 3). The object of 
the work reported in this paper was to determine the effect of sera 
upon tlie Bacillus typhosus reacting factors. 

experimental 

Titration of Bacillus typhosus Reacting Factors against a Constant 
Amount of Skin Preparatory Factors 

Filtrates of washings of 20 to 22 hour old Bacillus typhosus cultures 
on plain agar (Tl “agar washings” filtrates, Batch “At”) were em- 
ployed. The method of preparation of the filtrates has alreadj' been 
reported in detail (6).* 

* These filtrates were chosen in preference to those prctiously employed (2) 
bcciusc under the conditions of their preparation, there was present less c.xtraneous 
material and in all probability less bacterial autoiysis, 
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Preliminary titrations established the fact that a dose as small as 
0.25 cc. of the filtrate previously diluted to 1:100 was capable of pre- 
paring the skin of some of the rabbits to tlie phenomenon providing 
sufficiently large intravenous doses were subsequently used. Because 
of the high dilution, however, there occurred individual fluctuations 
(2, 6, 8). In order to obtain a high degree of reactivity necessary for 
the work to be described, rabbits were prepared witli many multiples 
of the above indicated minimal skin preparatoiy dose and the reacting 
factors were titrated in these rabbits as follows; 

Protocol !. Fifteen rabbits received each one intradcrmal injection of 0.25 cc. 
of the undiluted filtrate “At.” T\vent 3 '-four hours later the rabbits were dirided 
into 3 groups of five. Each group received a single intravenous inj'ection of the 
same filtrate. The first group received 0.05 cc., the second group 0.01 cc. and the 
third group 0.005 cc., respectively, per kilo of body weight. Four and one-half 
hours later, there were observed severe hemorrhagic reactions in S rabbits of the 
first group, in 4 rabbits of tlie second group and only in 1 rabbit of the third group. 

From this titration, it will be seen, that 0.01 cc. of filtrate “At” per kilo is the 
minimal dose of reacting factors capable of eliciting reactions in a large percentage 
of rabbits prepared with 0.25 cc. of the undiluted filtrate. 

Protocol II, This experiment was identical with the e.xperiment of Protocol I, 
with the exception that each of the 15 rabbits was prepared by one intradermal 
inj’ection of 0.25 cc. of the filtrate “At” previousl}' diluted 1 :4 instead of the un- 
diluted. In this e-xperiment there were observed severe hemorrhagic reactions in 
3 rabbits of the first group and in 1 rabbit of the second group. The third group 
showed no reactions. 

As is seen from this experiment, 0.05 cc. per kilo is the minimal dose of reacting 
factors capable of eliciting reactions in a large percentage of rabbits prepared with 
0.25 cc. of the filtrate “At” previously diluted 1 :4. 

For the neutralization experiments about to be described, several 
multiples of the above indicated minimal doses of reacting factors 
were employed in order to be assured of a liigh percentage of positive 
reactions in rabbits. Furthermore, inasmuch as a certain proportion 
of rabbits was spontaneously resistant to tlie phenomenon (1, 2) at 
least five rabbits were employed for each neutralization experiment. 

One batch of the filtrate (At), stored in the refrigerator, was ern- 
ployed throughout the work. The filtrate was first used approxi- 
mately two weeks after its preparation and this use was continued 
for two months afterwards. Since there were observed changes in the 
potency of different batches' of filtrates from time to time, four con- 
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trol titrations of the reacting factors were carried out during the two 
months. In' addition, whenever a serum neutralization expenment 
was carried out, a control group of 4 to 6 rabbits was injected with the 
filtrate alone. These experiments definitely proved that the filtrate 
“At” did not suffer any change in potency during the two months 
in which this work was carried out. 

Neutralization of the Bacillus typhosus Reacting Factors by Specific Sera 
The antityphoid sera were obtained from horses and rabbits. 

The immunization of horses was carried out by simultaneous weekly subcuta- 
■ neous and intravenous injections. Filtrates of 6 day old Bacilltis typhosus cultures 
in tryptic digest broth, as well as to.ric substances precipitated by ammonium 
sulphate (8) were injected subcutaneouslj'. Unwashed Baciltus typhosus heat 
killed vaccines were injected intravenously. The length of time during which the 
immunization was continued before each bleeding, is indicated in following tables. 
The doses were increased by 25% cach'week. Previous to the bleeding on the 
eighth month, some of the horses (e.g. ^'2 and fiA) were receiving the following 
rather large doses: 400 cc. of vaccine, intravenously, 1,200 cc. of filtrate, sub- 
cutaneously, a suspension of 9 grams of the precipitated toxic substances (a 3 ’ield 
from 1,000 cc. of tcj^rtic digest broth culture filtrate), subcutaneously, and about 
400 cc, of the vaccine intravenously. 

Rabbit scrum R20I was a mi.xture of sera of 5 rabbits immunized by a method 
similar to that cmplo 3 ’ed for horses. The injections were carried on for 4 to 6 
weeks, 25 cc. of the filtrate was the largest subcutaneous dose and 20 cc. of the 
vaccine was the largest intravenous dose. 

Normal rabbit and heterologous horse sera (Meningococcus and Er 3 -sipclas 
therapeutic sera) were also employed. 

The c.xperiments were conducted in a manner similar to tliat de- 
scribed in previous papers. 

One area of the skin of the abdominal wall of a rabbit was injected with 0.25 cc. 
of the undiluted filtrate “At” or 0.25 cc. of the filtrate previously diluted 1 :4. 
Twenty-two to twcnt 3 --four hours later a single intravenous injection of the 
filtrate or of a rnkturc of the filtrate with a given scrum was made. The mixtures 
prepared on the morning of the c.xperiments, as well as the filtrate alone were in- 
cubated in ilic water bath at 57°C. for one hour. The precipitate in the mixtures 
wa.s broken up by shaking immediately before the injection. The readings of the 
reactions were made 4J houns after the intravenous injection. A rabbit was 
recorded “positive” when the prepared area of the skin showed severe hemor- 
rliagic necrosis. Doubtful rabbits were those showing mild punctiform hemor- 
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TABLE I 


The EJfcct of Sera Jipou Bacillus lyphostis Reacliitf^ Factors 



Mklurcs made in Vitro 

ApcUitina- 
tion titer of 
sera for 

B. lyfkazus 

.■5 

O 

•a 

Vc 

tj cn 

c.t: 

.2 

0 JS 

d C 
55 

*3 


Intradcrmal 
dose o[ "Aj” 

Intrave- 
nous dose 
of "A," 
per kilo 

Intravenous dose of 
serum per kilo 

2 2 
f5“ 

"oS 

6 f: 
/C 

-§5 

0^ 

. r! 

0 »- 

*0 

d 

y, 

0.25 cc. 
dil. 1:4 

0.3 cc. 

— 

— 

31 

19 

0 

1 

11 

0.25 cc. 
undiluted 

i( (t 

— 

— 

57 

41* 

1 

1 

18 

0.25 cc. 
dil. 1:4 

it tt 

Normal rabbit 
^'282 Scrum 
(0.3 cc.) 

l:l6 

19 

13 

0 

3 

3 

0.25 cc. 
undiluted 

u u 

Normal rabbit 
§ 169 Scrum 
(0.3 cc.) 

Negative 

5 

1 

3 

0 

0 

2 

0.25 cc. 
dil. 1:4 

a « 

Therapeutic Horse 
Meningococcus 
Serum 148/438 
(0.3 cc.) N. Y. 
Board of H. 

1:64 

9 

6 

2 

0 

1 

0.25 cc. 
undiluted 

(( u 

Lcderle anti-Er^'sip- 
elas horse serum 
(0.25 cc.) 

Negative 

15 

9 

! 

0 

1 

5 

0.25 cc. 
dil. 1:4 

(( (C 

**Horse anti-ty- 
phoid serum 
(0.3 cc.) 

1:25.600 

7 

0 

7 

0 

0 

0.25 cc. 
dil. 1:4 

(( « 

**Horse 62/4 anti- 
tj^phoid serum 
(0.3 cc.) 

1:25.600 

14 

0 

14 

0 

0 

0.25 cc. 
undiluted 

U (( 

**Horse 62/4 anti- 
typhoid serum 
(0.3 cc.) 

1:25.600 

9 

0 

9 

0 

0 

0.25 cc. 
undiluted 

(( <( 

Horse 62/4 anti- 
typhoid seram 
diluted 1:5 
(0.3 cc.) 

1:25.600 

7 

3 

4 

0 

0 


* 4 rabbits were dead at tlie time of reading, but the reactions were distinct and 


well-defined. 

** These samples of blood were taken after 7s- months of immunization. 

rhagic areas of dark red appearance. In the “negative” rabbits, no reactions were 
seen. Some of the rabbits died in the course of the 4.\ hours following the in- 
travenous injection. Their deatlis were recorded. If the dead rabbits showed 
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no reactions or a diffuse discoloration of the skin, no readings were recorded on the 
protocols. When, however, there was observed a well-defined reaction, the result 
was noted. 

Table I represents a summary of the results obtained. 

As is seen from this table, the skin and intravenous doses employed 
elicited severe hemorrhagic reactions in about 95% of the survivmg 
rabbits. On the other hand, 30 rabbits which received a mixture of 
the same amount of the filtrate with certain immune sera (Horses 
3 and 4) showed no reactions. The experiment establishes beyond 
question the fact that Bacillus typhosus reacting factors can be neu- 
tralized by imm une sera. 

When a mixture of the filtrate with the immune sermn (Horse 4) 
previously diluted 1:5 was injected, there were obtained reactions in 
3 rabbits out of 7. If the high percentage of positive results obtained 
in the control group is kept in mind, it becomes evident that the 1 : 5 
diluted serum produced neutralization of the reacting factors but 
did so irregularly. The irregularity of neutralization with this dilu- 
tion may be explained by assuming that the mixture contained a 
small amoimt of free reacting factors or that there was only partial 
neutralization of these factors so that only these rabbits possessing a 
high degree of reactivity were able to respond with reactions. 

It will furthermore be seen that sera possessing no normal agglutin- 
ins, or agglutinins of a low titer for Bacillus typhosus (282, 169 and 
Erysipelas serum) had no neutralizing potency. With one sermn 
(148/438 antimeningococcus horse serum) which had normal agglu- 
tinins for Bacillus typhosus in dilution 1:64, there was a suggestion 
of irregular neutralization. 

The immune sera had unquestionably a remarkable protective 
potency against the mortality induced by the filtrate. 

Titration of the Neutralizing Potency of Immune Sera 

It v,’as important further to determine whether the neutralizing 
potency of the sera could be quantitatively measured. In thec.\- 
periments summarized in Table II, a constant amount of serum was 
titrated against increasing quantities of reacting factors. 

As is seen from Table II, a given amount of serum was able to 
neutralize increasing amounts of the filtrate. The neutralization 
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TABLE II 


Titratiou of the N culralizing Potency of Anti-typhoid Sera 




MUture.s made in Vitro 

Agglulina- 
lion titer of 
sera for 

B. fyjihffsus’ 

LcnRth of 
antityphoid 
immunisa- 
tion 

2 

0 

0 

> 

rt 

1 

if) 

Intradcrmal 
dose of "A;” 

Intravc- 
noust dose of 
“Ar" 
per kilo 

Intravenous 
dose of serum 
per kilo 

No. of ra 
tested 

&2 

‘0:0 

0 ^ 

OU3 

d 2 

0 2 

0 ^ 
6 2 

"o 

d 

0.25 cc. 
undiluted 

0.5 CC. 

R “201” 

(0.25 cc.) 

1:6400 

6 weeks 

1 

5 

0 


0 

1 

1 

<( 

cc 

0.75 cc. 

CC cc 

iC 

CC CC 

5 

0 


3 



a 

1 cc. 

cc cc 

CC 

li cc 

5 

2 

1 

0 

2 


it 

0.5 cc. 

Horse 2 
(0.25 cc.) 

1:25.600 

7i montlis 

5 

0 

5 

0 



cc 

1 cc. 

CC cc 

€C 

CC “ 

5 

0 

2 

2 

1 

t( 

cc 

1.25 cc. 

cc cc 

CC 

cc cc 

5 

3 

0 

1 

1 

U 

cc 

0.5 cc. 

Horse 5 
(0.25 cc.) 
Bleeding 56 

1:25.600 

5 “ 

5 

0 

5 

0 

0 


cc 

1 cc. 

<( CC 

CC 

CC cc 

5 

0 

5 

0 

0 

{( 

cc 

1.5 cc. 

CC cc 

cc 

cc cc 

s 

5 

0 

0 

0 


cc 

1.5 cc. 

Horse 5 
(0.25 cc.) 
Bleeding 63 

cc 

n “ 

5 

2 

3 

0 

0 

u 

cc 

0.3 cc. 

Horse 4 
(0.25 cc.) 
Bleeding 3 

1:1600** 

6 weeks 

5 

3 

2 

0 

0 

1 

a 

cc 

0.5 cc. 

« CC 

CC 

IC CC 

5 

4 

0 

0 

1 

« 

cc 

0.75 cc. 

CC cc 

cc 

cc cc 

5 

2 

0 

1 

2 

i( 

cc 

1 cc. 

cc cc 

cc 

cc cc 

5 

3 

0 

0 

2 

t( 

cc 

0.5 cc. 

Horse 4 
(0.25 cc.) 
Bleeding 62 

1:25.600 

7} months 

IS 

0 

15 

0 

0 

<( 

cc 

1 cc. 

CC CC 

« 

CC cc 

10 

0 

10 

0 

0 

u 

cc 

1 . 25 cc. 

cc cc 

CC 

cc cc 

5 


3 

0 

0 

cc 

cc 

1.5 cc. 

cc cc 

cc 

cc cc 

5 


4 

0 

0 

cc 

cc 

1.75 cc. 

cc cc 

cc 

cc cc 

5 

2 

0 

1 

2 


* Agglutination tests were made at the time of the experiments. 

** The titer was the same shortly after bleeding. 

t Previous experiments have shown that these doses consistently produce re- 
actions in animals prepared with 0.25 cc. of undiluted filtrate “A 7 .” 

was considered “consistent” if obtained in all rabbits tested (a mini- 
mum of 5 animals). As the amounts of reacting factors were in- 
creased, neutralization was obtained irregularly, i.e., in some of the 
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rabbits only. The maximum amount of reacting factors “consist- 
ently” neutralized by 0.25 cc. of a given serum was tentatively used 
to compute the neutralizing titer of a given serum. Thus, if a 0.25 cc. 
of a given serum is able to consistently neutralize 0.5 cc. of “At” 
(R 201, Table 11) and irregularly neutralize 0.75 cc., its titer must be 
between these two figures. Since 0.01 cc. per kilo of reacting factors 
is the minimum dose (page 514), the serum has been able to neutralize 
between 50 and 75 minimal reacting doses, the titer, is therefore, 
approximately 60. 

In these titrations 0.25 cc. of serum was used instead of 1.0 cc. in 
order to keep down the volume to be injected. The titrations in 
terms of 1.0 cc. must be worked out experimentally. 

It will also be seen in Table II (bleedings 3 and 62, horse 4) that the 
titer of the neutralizing antibodies in the serum increased in the course 
of immunization. 

As indicated in the text, the purpose of the procedure described w'as 
twofold; The first object was to establish the fact that sera can be 
prepared which have the power to neutralize the Bacillus typhosus 
reacting factors. The second object was to outline a method for 
titrating the potency of the sera. It is obvious, however, that it is 
necessary to develop a permanent standard for ultimate comparisons 
since batches of toxic substances vary in their potency. Work is 
under progress \vith this object in mind. 

CONCLUSIONS AND SUIQIARY 

It has been demonstrated that many multiples of minimal doses of 
Bacillus typhosus reacting factors can be neutralized by specific im- 
mune sera. 

The potency of a given serum can be convenient!}' titrated against 
increasing amounts of reacting factors. 

If the immune serum is diluted or if the amount of the reacting 
factors is too large for a given amount of serum, there is obtained 
neutralization but only irregularly. 

Normal and heterologous sera (therapeutic meningococcus and 
eiysipclas horse sera) free of normal agglutinins or possessing norma! 
agglutinins of a low Uter (1:16) for Bacillus typhosus arc not able to 
neutralize the reacting factors. There is obtained questionable 
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neutralization with a serum possessing normal Bacillus typhosus 
agglutinins in dilution 1:64. 

The titer of tire neutralizing antibodies increases in the course of 
immunization. 

Immune sera exercise a definite protection against the mortality 
induced by intravenous injection of Bacillus typhosus culture filtrates. 
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CHEMO-IMMUNOLOGICAL STUDIES ON CONJUGATED 
CARBOHYDRATE-PROTEINS 


I. The Synthesis of ^-AinNOPHENOL /S-Glucoside, />-AinNOPHENOL 
)3 -Gaeactoside, and Their Coupling with Serum Globulin 

By WALTHER F. GOEBEL, Ph.D., and OSWALD T. A^^^Ry, M.D. 

{From the Hospital of The Rockefeller Institute for Medical Research) 

(Received for publication, June 24, 1929) 

The problems of the relationship between chemical constitution, 
physiological effect and biological specificity, which found their origin 
in the study of the active principles of certain natural drugs, have 
become so absorbing and so embracing that they have attracted 
and held the interest of the chemist, the pharmacologist, and the 
immunologist alike. The question of protein specificity (1), and that 
of whether it is possible to change specificity by altering the protein 
molecule through chemical means, have, in particular, engaged the 
minds of many investigators. On the other hand, the role which 
carbohydrates play in the phenomena of immunity has only recently 
been disclosed, despite the fact that the presence of these substances in 
bacteria and yeast has long been known. 

Some years ago, Dochez and Averj^ (2) observ'ed that filtrates of 
pneumococcus cultures contained a stable substance which reacted 
specifically with antipneumococcus serum of the homologous tj-pe. 
This observation led to the isolation and identification of these 
specifically reacting substances from the three specific tj^pes of Pneu- 
mococcus (3), and from the three types of Fricdlander’s bacillus (4). 
Since then, other investigators have isolated similar substances from 
various other species of bacteria (5). 

These type specific substances fall into the class of carbohydrates. 
They arc unusual carbohydrates in that each contains a sugar acid as 
an integral part of its complc.v molecule. Immunologically they 
belong to that important group of specifically reactive but non-anti- 
gcnic substances which Landstciner has termed hapicns. 
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One of the striking characteristics of these bactcriai carbohydrates 
is their failure to produce antibodies when injected into the animal 
organism, though in the state in which they occur in tlie bacterial 
cell they are not only type specific, but arc also antigenic as well. 
In order that the bacterial polysaccharide may be effective as antigen 
it is believed, therefore, that it must be combined with another cellular 
constituent — possibly a protein — to form a complex and easily 
dissociable antigen. The nature of the substance which confers 
antigenicity upon the carbohydrate substance of Pneumococcus and 
the character of its union, are problems which as yet have not been 
solved. 

The products of hydrolysis of these specific carbohydrates have 
been studied in detail (6) . All except the polysaccharide of Pneumo- 
coccus Type I yield glucose on hydrolysis. The carbohydrate of 
Pneumococcus Type III and of Friedlander bacillus Tj'pe A yield on 
hydrolysis isomeric aldobionic acids (glucose-glucuronic acid) in 
addition to glucose. Evidence has likewise been secured which indi- 
cates that the specific carbohydrates of Type II Pneumococcus and of 
Type B and C Friedlander bacillus also contain other aldobionic acids. 

The selective specificity of encapsulated organisms, sucli as Pneumo- 
coccus and Friedlander bacillus, seems to depend primarily on the 
hapten part of the hypothetical complex antigen. In all of the specific 
carbohydrates studied thus far, the invariable presence of isomeric 
aldobionic acids seems to indicate that particularly the acid group 
(carboxyl group) and its stereochemical relationship to other groups of 
the intact polysaccharide molecule, which in each instance must 
necessarily be different, has a profound influence in orienting specific 
response. This question, however, will be dealt with in greater detail 
in a later communication. 

For the purpose of studying the role which simple sugars of different 
spatial configuration might play in altering the specificity of proteins, 
it was thought that it might be possible to combine these different 
sugars with a given protein, and to observe specific differences in 
antigenic properties of the substituted compounds. 

The problem thus becomes two-fold, first, to find some means of 
combining the sugar with the protein, and second, to synthesize the 
appropriate derivative. Pauly’s (7) fundamental method was made 
use of in combining glucose and galactose to serum globulin. 
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Some 3 'ears ago Paiily (7) described a color test for the detection of tjTosine and 
histidine in the hydrolytic products of proteins. This test was dependent upon the 
formation of colored azo dyes produced by the coupling of diazobenzene sulphonic 
add to the aromatic nudeus of amino adds. The coupling of diazobenzene 
sulphonic add and other derivatives of phenyldiazonium chloride can be brought 
about not only with hydrolytic products of proteins, but with the intact protein 
molecule as well (8). This reaction has been used by Landsteiner (9) in preparing 
a number of substituted proteins, — ^“azo proteins,” — and in a series of experiments 
he studied the immunological reactions of a great variety of differently substituted 
proteins. By this method he was able to differentiate between the dextro and 
laevo forms of phenj’l-amino-acetic add. In the same communication (9/) he 
indicated the bearing of his observations on the serological spedfidty of bacterial 
carbohydrates. 

The second problem, that of preparing a sugar derivative adaptable 
to this principle, was solved by the following synthesis; 

H 

/ 

CHjOH— CH— (CHOH),— C (CHjC0);0 

1 0 ^ 

Glucose OH 


H 


CHiOCOCH,- 

pentaccty] 

glucose 


/ 

-CH— (CHOCOCHjIj— C 
! n 


HBr 


OCOCH, 


H 


/ 

CHj0C0C3I, — CH— (CHOCOCH,), — C 

I o 

Tctracetjibromoglucosc 


Br + AglOC JI.NOj - 

Silver paranitro- 
phcEolatc 


H 


/ 


cihococih— ai— (CHocoaiOi— c 


.J\ 


o 

Tctracetyl pararitro- 
pbcao! ;S-^luco:iJc 


OCJJ.KOs 
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H 




BaCOH): CH:OH— CH(CHOH)i— C 

^ L__o— 

paranitrophcnol /3-glucosidc 


H: 


OCcH^NOj 


/ 

CHsOH— CH— (CHOH)j— C 

.1 0 J\- 

paraaminophenol /3-glucosidc 


H 


OCcHiNHs 


The end product of this series of reactions may then be converted into the 
corresponding diazonium derivative and coupled with protein in the presence of 
dilute alkali: 


H 


/ 

CH 2 OH— CH— (CHOn)s— c 

)\ HNO» 

0— CcH^ • NH- • HCl \ 


-0- 


H 


/ 

CH 2 OH— CH— (CHOHIj— c 

1 0 


-t* Protein 


OC6H4NJCI 


H 


/ 

♦CH-OH— CH— (CHOHls— C 

L o 


OCeHiN: — Protein 


The most difficult step in the syntliesis, the coupling of p-nitrophenol with the 
acetobromo-sugar, was accomplished by shaking a solution of the latter in xylene 
with the silver salt of p-nitrophenol. In this manner, fair yields of the glucoside 


H 


CH2OAC— CH— (CHOAc)j— C 




\ 


OC6H4NO2 


O 
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were obtained. The preparation of p-nitrophenol glucoside from this derivative, 
and the catalytic reduction of this compound to its amino derivative proceeded 
very smoothly and nearly quantitatively. The coupling of the diazonium phenol 
hexoside to protein takes place readily and rapidly in the presence of N/lOO 
hydroxide.^ 

Thus with the aid of ^-aminophenol glucoside and the corresponding 
galactoside two different hexosides have been attached to the same pro- 
tein, 3aelding complexes which exhibit different optical properties and 
which yield reducing sugars on hydrolysis. It should be possible to 
attach any aldose or ketose to native protein provided the inter- 
mediary glucoside can be synthesized. Owing to the occurrence of 
isomeric aldobionic acids in specific bacterial polysaccharides, which 
are believed to play an important role in orienting the antigenic 
specificity of encapsulated bacteria, it would seem to be of even 
greater interest to couple sugar acids to proteins in order to study the 
antigenic response of such substituted proteins. We are at present 
attempting to synthesize such derivatives. 

EXPERIMENTAL 

1. Penlacelyl ghicose and Penlacelyl galactose. These compounds were prepared 
by acetylation of the corresponding sugar with pjTidine and acetic anhydride 
at 0°C. Both products were recrj’stallized from alcohol. The pentacetyl galac- 
tose melted at 146'’C. 

2. Acclobrottto glucose and Acelohromo galactose. These derivatives were pre- 
pared by the method of Fischer (12). 

3. Silver p-iiitrophaiolatc. 1.2 mols of recrj'stallized dry' p-nitrophenol were 
dissolved in absolute ethyl ether. 1 mol of freshly' precipitated dry' silver oxide 
was added. The mLxture was shaken for 18 hours at room temperature together 
with a large quantity of glass beads. At the end of this time a brick red compound 
separated. This was filtered on a hardened paper, washed repeatedly with 


’ There have recently appeared two papers by Klopstock and Scltcr (10) wherein 
they contend that neutral solutions of derivatives of phenyl diazonium chloride 
do not combine with, but are merely “adsorbed” by protein. This contention 
seems to .have been refuted, however, by the axperiments of Heidelbergcr and 
Kendall (11). It might be mentioned here again that the presence of alkali is 
not always necessary for the coupling of phenyl diazonium chloride derivatives to 
aromatic nuclei. In fact, the formation of some azo dyes is brought about bv 
coupling diazonium chloride derivatives not only in alkaline, but in neutral, and 
even in acid medium as well. 
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absolute ether, and dried in a vacuum desiccator over phosphorus pentoxide and 
paraffin for 4 weeks. The compound is probably a mi.vture of the true silver salt 
of p-nitrophenol, AgOCoH4N02, and of its isomeride, 0;CGH.i:N00Ag. Two 
distinct cr 5 ’'stalline forms may be seen under the microscope. 

Analysis: 0.2000 gms. substance gave 0.1181 gms. AgCl when analyzed by the metliod 
of Carius. 

Calculated for CcHiNOjAg — Ag: 43.85 per cent. Found 44.40 per cent. 

4. Tetracetylnitrophcnol p-ghtcosidc: 50 gms. of accto-bromo glucose were dis- 
solved in 500 cc. of anhydrous xylene. To the mi.xture was added 10 gms. of 
the silver salt of p-nitrophenol. After shaking with dry glass beads for 30 minutes 
a second portion of 10 gms. of the silver salt was added, and finally after another 
30 minutes a third portion was added. The mixture was removed from the 
shaking machine, filtered on a hardened paper, and the precipitate was washed wth 
small portions of xylene. The filtrate was now concentrated to 50 cc. in vacuo. 
100 cc. of absolute ethyl alcohol were added, and then the mixture was further 
concentrated. The addition of alcohol, followed by evaporation, was repeated 
three times. The final concentrate was taken up in 200-300 cc. of absolute 
alcohol and the flask was placed in the ice box. After 24 hours the glistening pale 
yellow cri’'stals of the glucoside were filtered from the deeply colored mother 
liquors. They were dissolved in about 250 cc. of hot absolute alcohol, and boiled 
with a little norite. The solution was filtered through a hot water funnel. After 
24 hours in the cold the nearly snow-white crj'stals were filtered from the pale 
yellow mother liquid. A second ciystallization jdelded about 9 gms. of pure 
glucoside, 

H 

/ 

CHsOAc — CH — (CHOAc)s — C which melted at 172-173°. 


^ O— CeH4N02 

■ ~ chloroform) 

Analysis: 6.595 mgs. substance; 12.370 mgs. CO 2 and 2.940 mgs. H 2 O 

CjoHjjOiaN. Calculated: C = 51.16 per cent, H = 4.94 per cent. 

Found: — C = 51,15 per cent, H = 4.98 per cent. 

The glucoside is readily hydrolj'zed by dilute acid and yields paranitrophenol 
and tetracetyl glucose. It is slowly hydrolyzed by dilute alkali in the cold. It 
is insoluble in water, fairly soluble in hot alcohol. It is readily soluble in .xylene. 

5. p-Nitrophciiol p-ghicosidc: 20 gms. of tetracetylnitrophcnol / 3 -glucoside 
were shaken with 60 gms. of recrystallized barium hydroxide, dissolved in 1200 
cc. of water, for 24 hours at 4°C, At the end of this time the mixture was nearly 
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dear. A «iTna11 amount of imchanged glucoside was filtered off. The filtrate, 
containing barium acetate and p-nitrophenol ^-glucoside was treated with an 
excess of washed CO2. The barium carbonate was centrifuged off. The super- 
natant liquid was concentrated to complete dryness in vacuo. The yellow powder 
was scraped from the flask and dried for two days in a high vacuum over P2O5. 
It was then extracted with 300 cc. of hot absolute alcohol and filtered from the 
barium acetate by using a hot water fuimel. The filtrate was cooled and allowed 
to stand in the ice box for 2 days. The crystals formed were filtered off and 
were recrystallized from absolute alcohol. About 8 gms. of p-nitrophenol P- 
glucoside were obtained as a glistening white product, soluble in alcohol, and, to 
some extent, in water. This compoimd was readily hydrolj'zed by dilute mineral 
acid, yielding the reducing sugar and paranitrophenol. It is slowly hydrolyzed by 
dilute alkali in the cold. 


— 1.55 X 100 

The substance melted at 165°C. [ain = ~ 79.6° (in methyl alcohol). 

2 X 0.974 

Analysis: 4.305 mgs. substance: 7.555 mgs. COj and 2.030 mgs. H 2 O. 

CijHijObN. Calculated: C 47.83 per cent H 5.02 per cent. 

Found; C 47.85 per cent H 5.27 per cent. 

6. p-Aminophcnol 0-glucosidc. 5 gms. of p-nitrophenol glucoside were dissolved 
in 500 cc. of warm 95 per cent redistilled alcohol. To the mixture was added 0.2 
gm. of platinum oxide catalyst (13). The substance was hydrogenated under 
atmospheric pressure in a hydrogenating apparatus. The theoretical amount of 
hydrogen gas, when corrected for temperature, pressure and vapor tension, was 
utilized in the reduction of the nitro to the amino glucoside. The reduction took 
place readily and quickly, and was completed within 30 minutes. The alcohol 
solution of p-aminophcnol p-glucoside was filtered through a quantitative filter 
paper, and the filtrate carefully evaporated in vacuo to dryness. 50 cc. of absolute 
alcohol were added and the mixture was again evaporated to dryness. The 
glucoside was finally dissolved in 100 cc. of absolute alcohol and the flask was 
placed on ice. After 48 hours, the snow-white crystals of p-aminophenol ^-gluco- 
sidc were filtered from the clear mother liquors. 4.0 gras, were recovered. The 
compound is readily soluble in water. It is soluble in 95 per cent alcohol, though 
more difficultly soluble in absolute alcohol. It is readily hydrolyzed by dilute 
mineral acid, yielding the reducing sugar. It is also hydrolyzed by alkali in the 
cold. If the hydrochloride is treated with nitrous add and the reaction mixture is 
poured into an alkaline soluU'on of a-naphthol, a brilliant red dye is produced 
which predpitates on addification. 


The compound melts at IOO-161°C. la]’*' 
alcohol). 


- 1.11 X 100 
2 X 0.867 


64.1° (in methyl 
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Analysis; 5.254 mgs. substance: 10.25 mgs. CO< and 2.925 mgs. CO>. 

CwHuOcN. Calculated: C 53.12 per cent, H 6.32 per cent. 

Found: C 53.05 per cent, H 6.23 per cent. 

7. Teiracclyl p-nilrophcnol p-galaciosidc. This compound was prepared exactly 
as was the corresponding glucoside. The yields were practically the same. It 
crystallizes from absolute alcohol as long glistening very pale yellow needles 
melting at 144-145°C. 


^ - 0.17 X 100 
2 X 1.022 


— 8.3° (in chloroform) 


Analysis: 4.000 mgs. substance: 7.475 mgs. CO 2 and 1.685 mgs. H;0. 

CioHiaOiiN. Calculated; C 51.16 per cent, H 4.94 per cent 
Found C 50.96 per cent, H 4.71 per cent 

8. p-Nilrophenol fi-galaclosidc. This derivative was prepared exactly as was the 
glucoside. 25.4 gms. of p-nitrophenol tetracetyl /S-galactoside jdelded 11.9 gms. 
of p-nitrophenol /3-galactoside. The compound crystallizes from absolute alcohol 
as colorless needles melting at 181-182°C. 

Analysis; 4.100 mgs. substance; 7.175 mgs. CO.> and 1.825 mgs. H 2 O 

CisHuOsN. Calculated: C 47.83 per cent, H 5.02 per cent. 

Found C 47.72 per cent, H 4.99 per cent. 

9. p-Aminophcnol P-galacloside. The reduction of p-nitrophenol /3-galactoside 
was carried out in the same way as was that of the corresponding glucoside. The 
reduction does not seem to take place quite as rapidly as does that of the glucoside. 
The yields are practically quantitative. The compound was isolated from absolute 
alcohol as a white crystalline product soluble in water. It suffers hydrolysis when 
boiled with dilute mineral acid. IVhen hydrolyzed solutions of the amino gluco- 
side are boiled with Fehling’s solution, a powerful reduction takes place. 

The substance melts at 158-159'’C. ^ = — 40.5° (in methyl 

alcohol). 

Analysis: 5.350 mgs. substance; 10.370 mgs. COj and 3.160 mgs. H 2 O. 

CisHiiOeN. Calculated: C 53.12 per cent, H 6.32 per cent. 

Found; C 52.85 per cent, H 6.61 per cent. 

10. Preparation of Scrum Globulin. 1 liter of normal horse senim was poured 
into 15 liters of distilled water. Dilute acetic acid was added until the maximum 
turbidity occurred. The mixture was placed in the ice chest for 48 hours. The 
supernatant liquid was then sj’^phoned off and discarded. The precipitate was 
centrifuged in the cold. The globulin thus obtained was dissolved in physiological 



WALTHER r. GOEBEL AND OSWALD T. AVERY 


529 


salt solution and repredpitated. A final globulin solution of 2 per cent concentra- 
tion T?as employed for coupling with the glucosides. 

11. Preparation of Proldn-diazophenol glucoside and. galacloside. 100 cc. of 2 
per cent globulin solution were placed in a flask and cooled to 0°C. 100 cc. of 
N /50 NaOH, in physiological salt solution, were also cooled to 0°C. Then 1.00 
gm. of p-aminophenol /S-glucoside was dissolved in 25 cc. of water. 2 mols of 
N/1 hydrochloric add were added. The mixture was cooled to 0°C. The 
theoretical quantity of sodium nitrite, dissolved in 10 cc. of water, was slowly 
added. After diazotization was complete and the solution showed no excess of 
nitrite, it was slowly added to the globulin, which had previously been mixed with 
the chilled alkali. A yellow color immediately developed which soon deepened to 
a dark wine-red. After standing for 30 minutes at 0° the mixture was treated with 
SO cc. of chilled N/SO HCl in physiological salt solution. A precipitate of highly 
colored insoluble protein flocculated from the mLxtmre. This protein was centri- 
fuged from the colored supernatant liquid. The precipitate was then thoroughly 
extracted five times with a total of one liter of 3 per cent salt solution. The 
final washing was nearly colorless and protein free. The precipitate of protein 
diazophenol glucoside was suspended in 100 cc. of physiological salt solution and 
N/20 sodium hydroxide was cautiously added with stirring, imtil the suspension 
was completely in solution. The total dry weight of material was determined by 
evaporation, after dialysis, in vacuo to constant weight. The optical rotation urns 
determined in a one-half decimeter tube using the wave length 760.8 mm. which 
has the same color as the azo-protein. The galactose diazophenol protein was 
prepared in exactly the same way as was the glucose derivative. It was finally 
taken up in 200 cc. of physiological salt solution. 

Properties of the synthetic sugar proteins 

Optical Rotation: \ solution of the diazophcnol glucoside protein, containing 
9.725 mgs. of ash-free solid per cc., rotated the plane of polarized light —0.21° in 
a 0.5 dedmeter tube. 




- 0,21 X 100 
0.5 X 0.9725 


43.2’ 


A solution of the diazophenol galactosidc protein, containing 5.200 mgs. of ash-free 
substance per cc., gave an obscr\-ed rotation of -0.08° in a 0.5 decimeter tube. 

, .jj. - .OS X 100 

*= 0.5 X 0.5200 “ 

Owing to the difficulty of securing a bright field of dsion through thes-^ deeply 
colored solutions, the obsca-ed rotations probably sufiered from an appreciable 
error. Six successive rc.idings checked uithin 0.03°. 
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Reducing Sugars on Hydrolysis : — 2 cc. of the protein solutions of the above 
concentration were placed in glass tubes together with 2 cc. of N/1 HCl. The 
tubes were sealed and placed in a boiling water bath. At the end of 3 hours and 
5 hours respectively the tubes were removed, cooled, and centrifuged. A sugar 
analysis was made on 2 cc. of the hydrolysate by the method of Van Slyke and 
Hawkins (14). The galactose protein yielded appro.vimateIy 10 per cent of reduc- 
ing sugars, calculated as glucose. The glucose-protein yielded appro.ximately 1 7 
per cent of reducing sugars calculated as glucose.* There was no difference in the 
reducing value of the samples hydrolyzed for 3 hours when compared with those 
hydrolyzed for 5 hours. 

The two synthetic sugar proteins appear to be different compounds. 
Animals have been immunized with these synthetic sugar proteins. 
The immunological results are reported in the following communica- 
tion. 


SUMMARY 

1. The synthesis of p-aminophenol /3-glucoside and p-aminophenol 
/9-galactoside has been described. 

2. These hexosides have been coupled to serum globulin. Two 
protein sugar complexes with different optical properties have been 
obtained. 

BIBLIOGRAPHY 

1. Kolle, W., and Wassermann, H.: Handbuch der pathogen Mikroorganismen. 

3rd Edition. Volume II, part 15. 

2. Dochez, A. R., and Avery, O. T.: J. Exp. Med., 1917, 26, 477. 

3. a) Heidelberger, M., and Avery, O. T., /. Exp. Med., 1923, 38, 73; 1924, 40, 

301, and Goebel, W. F., /. Exp. Med., 1925, 42, 727. 

b) Zinsser, H., and Parker, J. T., J. Exp. Med., 1923, 37, 273. 

4. a) Heidelberger, M., Goebel, W. F., and Avery, O. T., J. Exp. Med., 1925, 

42, 701, 709. 

b) Goebel, W. F., and Avery, O. T., J. Exp. Med., 1927, 46, 601. 

5. a) Mueller, J. H., and Tomesik, H., J. Exp. Med., 1924, 40, 343. 

b) Laidlaw, J. P., and Dudley, H. W., Brit. J. Exp. Path., 1925, 6, 197. 

c) Mueller, J. H., Smith, D., and Litarezek, S., Proc. Soc. Exper. Biol, and 

Med., 1925, 22, 373. 

d) Hitchcock, C. H., Proc. Soc. Exper. Biol, and Med., 1924, 40, 445 and 575. 


* The writers wish to thank Dr. James Hawkins for carrying out the sugar 
analyses, and for other helpful suggestions. They also wish to express their 
thanks to Dr. P. A. Levene for his interest and advice. 



WALTHER F. GOEBEL AOT OSWALD T. AVERY 


531 


5. e) Lancefield, R. C., /. Exp. Med,, 1925,42, 377. 

6. a) Heidelberger, M., and Goebel, W. F., J. Biol. Chem., 1926, 70, 615; 1927, 

74, 613. 

b) Goebel, W. F., J. Biol. Chem., 1927, 74, 619. 

7. Pauly, H., Z. Physiol. Chem., mi, 42, 508; 1915, 94, 284. 

8. Obermayer, F., Wien. klin. Woch., 1906, 19, 327. 

9. a) Landsteiner, K., and Lampl, H., Z. ImmuniliUsforsch. Orig., 1917, 26, 258, 

293. 

b) Landsteiner, K., and Lampl, H., Biochem. Z., 1918, 86, 243. 

c) Landsteiner, K., Biochem. Z., 1919, 93, 106. 

d) Landsteiner, K., Biochem. Z., 1920, 104, 280. 

e) Landsteiner, K., and van der Scheer, J., J. Exp. Med., 1927, 45, 1045. 

f) Landsteiner, K., and van der Scheer, J., J. Exp. Med., 1928, 48, 1315. 

g) Landsteiner, K., Klin. Woch., 1927, 6, No. 3, 103. 

10. Klopstock, H., and Seller, G., Zeit. ImmuniliUsforsch., 1928,55, 118 and 450. 

11. Heidelberger, M., and Kendall, F., Proc. Soc. Exper. Biol, and Med., 1929, 

26, 482. 

12. Fischer, E., Untersuchung iiber die Kohlenhydrate. Juh’us Springer, Berlin, 

1909, p. 799, 815, and 826. 

13. Voorhees, V., and Adams, R., J. Am. Chem. Soc., 1922, 40, 1397. 

14. Van Slyke, D. D., and Hawkins, J. A., J. Biol. Chem., 1928, 79, 739. 




CHEMO-IMMUNOLOGICAL STUDIES ON CONJUGATED 
CAREOHYDRATE-PROTEINS 


II. Immunological SPEcmaTY of Synthetic Sugar-Peotein 

Antigens 
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The function of carbohydrates as determinative substances in 
bacterial specificity is well illustrated in the immunological differentia- 
tion of the specific types of pneumococci and of Friedlander bacilli. 
Previous studies have demonstrated that the presence of t}^e-specific 
polysaccharides in these encapsulated organisms determines the 
antigenic properties of the cell and the serological relationships of 
different strains. 

In the course of investigations on the chemo-immunological nature 
of these complex bacterial antigens, the facts thus far ascertained 
lend support to the view that the specific polysaccharides function 
as true antigens only when combined with some other constituent of 
the cell. A\TiiIe the character of the substance which enters into 
combination with these complex sugars, and the nature of the linkage 
between them are still undetermined, it seems probable that the type- 
specific antigen consists of a protein or protein derivative conjugated 
with the specific carbohydrate; and that it is the latter component 
which orientates the specificity of the complex antigen thus formed. 
The possibility also e.xists that the polj'saccharides which by them- 
selves are non-antigenic, may, by reason of their acidic properties 
acquire antigenicity by combining to form salts with some basic 
constituent of the bacterial cell. This latter possibility, as well as 
the supposition that a mere change in the physical slate of the 
polysaccharide as it e.rists in tlie intact .cell may account for its 
antigenic behavior, seem in the light of present knowledge, to be 
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less likely than does the former view that the type-specific antigen 
consists of a conjugated carbohydrate-protein complex in which the 
carbohydrate radical determines the specificity of the whole. 

With a view to the possible elucidation of the problems just stated, it 
appeared of considerable interest to determine the effect produced on 
the antigenic specificity of a protein by combining it with a relatively 
simple carbohydrate. This combination was effected, as described in 
the preceding paper (1), b}'’ synthesis of the p-aminophenol glucosides 
of glucose and galactose, and by coupling these diazotized glucosides 
with different proteins. 

The experiment was made all the more exacting by the purposeful 
choice of two monosaccharides which have the same chemical formula 
and which differ from eacli other only in specific rotation and molecular 
configuration; — the groups on the fourth carbon atom in galactose 
forming the mirror image of the fourth carbon groups in glucose. 
The remainder of the molecule is the same in both sugars. The 
relationship of the p-aminophenol jS-glucoside to p-aminophenol 
galactoside may be seen from the two structural formulae — 



"V-o— C— H 

NTh-^ y~0—C~H 


1\ 

^ !\ 


H~C~OH 

H— C— OH 


1 

i \ 


HO— C— H \ 

HO— C— H \ 


1 o 

1 0 


H— C— 

HO—C—B 


H— 

1 

1 


( 

H:=C— OH 

1 

H:— C— OH 

p-aminophenol e-glucoside 

p-aminophenol /9-galactoside 

The diazonium derivatives of these 

two glucosides were attached to 


proteins by means of the linkage — N = N — ^ ~ and the 

two synthetic sugar proteins thus derived were used as antigens. 

The specificity of these conjugated carbohj^’drate-proteins was 
further tested by linking the same diazotized glucoside to two chemi- 
cally distinct proteins derived from widely remote biological species. 

It will be shown that immune sera prepared with these complex 
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antigens contain two separate kinds of antibodies; one variety stimu- 
lated by the conjugated sugar-protein, and the other evoked by the 
protein itself, varying amounts of which coexist unboimd in the same 
solution. The immunological specificity of the s-mthetic sugar- 
proteins described in the present paper will be discussed, therefore, 
with reference to these two kinds of antibodies; 1. the anti carbohydrate 
antibodies (anti-S) and 2. the antiprotein antibodies (anti-P.). It 
will be shown further that each variety of antibody is specifically 
related to the corresponding component of the antigen; that the anti- 
protein antibodies e.xhibit the species specificity of the original protein, 
and that the antibodies reactive with the conjugated sugar-proteins 
are specific for unrelated proteins containing the same diazotized 
carbohydrate group. 

The results of cross precipitin reactions, precipitin absorption and 
inhibition tests with immune sera prepared with the synthetic sugar- 
proteins are presented in the following protocols. 

' EXPERIMENTAL 

Methods 

Rabbits were immunized by the intravenous injection of solutions of the con- 
j'ugated carbohydrate-protein antigens. The animals of one series received the 
antigen composed of purified globulin from horse serum coupled to diazo phenol 
glucoside, and those of another series were treated with the same protein combined 
with the diazo phenol galactoside. The rabbits of both scries were inj'ected wnth 
2 cc. of the respective antigen daily for six doses and the course of injections 
was repeated at weekly intervals until a total of 36 cc. of antigen was given. 
Eight daj's after the last injection the rabbits were bled and the serum tested 
for predpitins against the homologous and heterologous antigens. 

The antigenic material was prepared by the method described in the preceding 
paper, and was sterilized by passage through a Berkcfdd filter. The same stock 
solution was used throughout the course of immunization. None of the rabbits 
showed any evidence of toxic sj-mptoms following repeated injections. 

Prcparalior. of proteins : — The two proteins to which the diazo phenol glucosides 
were linked were serum globulin (horse) and crystalline egg albumin. The 
globulin w.as prepared from horse scrum by predpitation witli dilute acetic acid as 
described in the preceding paper. The cr\-stallinc egg .albumin was made from 
native egg white by the method of Socrensen (2). 

Preporatior. of carlo}:\draie-prctcir.s:—By the methods described in the preceding 
paper (1) the following synthetic sugar-proteins were prepared; 
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1. phenol /8 glucosidc-azo-globulin. 

2. phenol /3 galactoside-azo-globulin. 

3. phenol p glucoside-azo-albumin. 

4. phenol p galactoside-azo-albumin. 

For the sake of convenience the above preparations will be referred to respec- 
tively as glucO'globulin, galacto-globulin, gluco-albumin, and galacto-albumin. 

Precipitin reactions : — The immune sera were in all instances used in constant 
amounts of 0.2 cc. A dilution of serum in the proportion of 2 parts of serum to 
3 parts of salt solution was prepared and 0.5 cc. of this dilution, containing 0.2 cc. 
of the original serum, was added to 0.5 cc. amounts of tlie vaoung dilutions of the 
antigens as shown in the protocols. , 

Standardization of antigens : — For purposes of comparison, the sugar protein 
antigens were standardized on the basis of nitrogen-content; this method, however, 
does not indicate the amount of bound carboh 3 ’’drate and hence is not a measure of 
the effective antigen comple.x. 

I. ANTICARBOHYDRATE ANTIBODIES: (aNTI-S) 

1. Precipitin reactions tenth Gluco-glohulin Anti-Serum 

Serum prepared by immunization with gluco-globulin was tested 
for the presence of precipitins against the liomologous antigen and two 
other sugar-proteins, gluco-albumin and galacto-albumin. Both of 
the latter test substances contain egg albumin, a protein foreign to the 
immunizing antigen. In the case of gluco-albumin, however, the 
carbohydrate radical is the same as that present in tlie sugar-protein 
used for immunization, while in the case of galacto-albumin both the 
protein fraction and the sugar derivative are heterologous with respect 
to the original antigen. The results of cross precipitin tests are given 
in Table I. 

The data presented in Table I show tliat gluco-globulin anti-serum 
reacts not only with gluco-globulin but also witli gluco-albumin. The 
fact that antibodies stimulated by gluco-globulin are specifically 
reactive witli gluco-albumin, which contains the homologous glucose 
derivative bound to a protein unrelated to that present in the immuniz- 
ing antigen, demonstrates that the carbohydrate radical and not the 
protein molecule orientates the specificity of these conjugated sugar- 
proteins. The specificity of the orienting carbohydrate is further 
emphasized by the fact that antibodies reactive with gluco-albumin 
show no reaction with galacto-albumin in which an isomeric carbo- 
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hydrate is conjugated with the same protein. This is further proof 
that the chemical constitution of the sugar radical, regardless of the 
nature of the protein to which it is attached, determines the serological 
specificity of the conjugated antigen. 

TABLE I 

Precipitin Reactions of Gltico-GIohulin Antiserum 

Showing the specifidtj' of sugar-proteins when the same carbohj’drate deriva- 
tive is combined with two serologically distinct proteins. ' 

Anti-Gluco-Globulin Serum 


Bnutions of antigenst 

Caibohydrate-Protetn Antigens 

Gluco-globulin (horse) 

Gluco-Aibumin (egg) 

Galactn-AIbnmin (egg) 

i-.iooo 


, ++ 

— 

1:5000 

-I — i — ! — h 

d — I'd — h 

— 

1:10,000 

+H — !-+ 

d-d- d-d- 

— 

1:20,000 1 

d — i — hi 

d — i — !- 

— 

1:40,000 

+++ 

+ 1 

— 

1:80,000 



— 

1:100,000 

d: 1 

— 

— 


-f -f -1- -r = Complete precipitation with dear supernatant and formation of a 
compact, disc-like predpitate not easily disrupted by shaking — 
characteristic of tj^pe specific polysaccharide reactions with 
anti-pneuraonococcuS’ serum. i 
± = Faint turbidity. 

— = No reaction. 

t The antigens were standardized on the basis of nitrogen content. This 
method does not measure the amount of glucosidebound to protein. 

t 

2. PrcdpUin reactions ivith Galaclo-Globitlin Antiserum 

The cross precipitin reactions with galacto-globulin antiserum and 
three synthetic sugar-proteins, galacto-globulin, galacto-albumin and 
/gluco-albumin, are given in Table II. 

Specific precipitins in the serum of rabbits immunised with 
gaiaclo-globulin react with solutions of galacto-globulin and galacto- 
albumin in approximately equal titre. These antibodies, however, 
fail to precipitate gluco-albumin. (Table II.) The specificity of the 
orienting sugar radical is again revealed in the cross precipitin reac- 
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tions between galacto-globulin and galacto-albumin. The carbo- 
hydrate derivative alone is common to both of these compounds, while 
the protein fraction of eacli is wholly dissimilar. The specific relation- 
ships between tliese sugar-proteins, therefore, appear to depend upon 
the nature of the particular carbohydrate component rather tlian upon 
the kind of protein to whicli it is linked, 

TABLE n 

Precipitin Reactions of Galacto-Glohulin Antiserum 


Showing the specificity of anti-S antibodies cross-reactions with two sero- 
logically distinct proteins containing the same sugar-radical. 

Anti-Galacto-Globulin Serum 


Dilution of Antigen 

Antigens 

Galacto-GlobuUn 

Galacto-Egg- Albumin 

Gluco-Egg-Albumin 

1:5000 

H — 1 — 1 — 1- 

-1 — 1 — kdb 


1 : 10,000 


-!-+- h ± 

— 

1 : 20,000 

+++ 

+++ 

— 

1 : 40,000 

+- f -± 

+ + 

— 

1 : 80,000 

++ 

+ 

— 

1 : 100,000 

+ 

± 

— 


+ + -h -f" = Complete precipitation with compact, disc-like precipitate. 
— = No reaction. 


The data presented in Table I and II may be summarized briefly as 
follows : — 

1. When two chemically different carbohydrate derivatives are 
bound to the same protein, the newly formed compounds are sero- 
logically distinct from one another. Simple differences in the molec- 
ular configuration of the two isomers, glucose and galactose, although 
confined to one single carbon atom in the molecule, suffice to orien- 
tate antigenic specificity when corresponding glucosides of these 
sugars are coupled to the same protein. 

2. When the same carbohydrate radical is conjugated with two 
chemically and serologically distinct proteins, both of the sugar- 
proteins thus formed acquire a common serological specificity. 

3. The newly acquired specificity of these sugar-proteins is deter- 
mined by the chemical constitution of the carbohydrate attaclied to 
the protein molecule. 
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3. Specific Inhibition of Precipitin Reactions by Homologous Glucosides 

In bis studies on complex antigens Landsteiner (3) bas shown that 
immune sera prepared with azo-proteins are markedly specific, precipi- 
tating unrelated proteins which contain the same azo groups. How- 
ever, the simple azo compounds by themselves are not antigenic and 
are not precipitable in azo-protein antiserum. Nevertheless, when 
they are added to the immune serum prepared with protein coupled to 
the same diazotized compounds they specifically inhibit the antibodies 
from reacting subsequently with the homologous antigen. 

Since in the present study the diazotized phenol glucosides of 
glucose and galactose exhibit immunological properties analogous to 
those of the diazotized amino compounds described by Landsteiner, 
the inhibiting action of these carbohydrate substances on the precipi- 
tins of homologous immune sera was studied. 

InhibilionTesl: Solutions of p-aminophenol jS-glucoside and p-aminophenol g- 
galactoside in concentrations of 0.1 M. and 0.01 M. were added in amounts of 0.2 
and 0.1 cc. to a constant unit of immune serum (0.2 cc.) and made up to volume by 
addition of salt solution. The mixtures were incubated at 37°C. for 2 hours, and 
the tubes examined for the presence of precipitate. To the test mixtures, 0.5 cc. 
of sugar protein antigen containing the homologous carbohydrate derivative was 
then added in optimal dilution, and the tubes again incubated for 2 hours. Read- 
ings were made at the end of the period of incubation and after 24 hours in the 
ice-box. 

The results of the inhibition tests with homologous glucosides are 
given in Tables HI and IV. 

Since the inhibiting action of the homologous glucosides on specific 
precipitins is similar in each instance, the results will be discussed 
togetlier. (Tables HI and W.) It is apparent that the glucosides by 
themselves are not precipitated in the presence of immune sera pre- 
pared with protein containing the homologous diazotized compounds. 

It is also e\ident that although the carbohydrate substances alone 
fail to cause precipitation in immune serum, they, nevertheless, 
specifically inhibit the precipitating antibodies from reacting with the 
homologous sugar-protein when the latter is subsequently added to the 
serum mixture. The specificity of the reaction is shown bj’ the fact 
that while the addition to homologous serum of 0.1 cc. of 0.01 M solu- 
tion of tlie corresponding glucoside completely inlu'bits predpitation 
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when the specific carbohydrate-protein is added later, the addition of 
a ten to twenty-fold concentration of a heterologous glucoside, 
under tire same conditions, exerts no inhibition on the precipitating 
antibodies. 


TABLE III 


Specific InJiibiiion by Homologous Glucoside of Precipitin Reactions with Gluco- 

Globulin Scrum 




Glucoside 

Galnctoside 



Antigen 




Gluco- 





Salt solu- 















Globulin 





tion to 


Gluco- 

Result 


Serum 

0.1 M. 

0.01 M. 

0.1 M. 

0.01 M. 

volume 


Egg_ 

Albumin 











1:10,000 





cc. 

CC, 

CC, 

CC. 

CC, 

H-l 

e 

CC. 

2 hrs. 
37“C. 

24 hrs. 
ice-bor 

1 


0.2 

— 

— 

— 

0.3 

c 

cr 

0.5 

— 

— 

2 

m!mM 

0.1 

— 

— 

— 

0.4 


0.5 

— 

— 

3 

0.2 

— 

0.2 

— 

— 

0.3 

53 

1 

0.5 

— 


4 

0.2 

— 


— 

— 

0.4 

I 

to 

0.5 

zh 

+ 

5 

0.2 

0.2 

— 

— 

_ 

0.8 

tr 

a 

— 

— 

— 

6 

0.2 

— 

— 

— 

— 

0.5 

M 


++ 

-1 — 1 — [ — |. 












7 

0.2 

— 

— 

0.2 

— 

0.3 

0 

p 



+ + + + 

8 

0.2 

— 

— 

0.1 

— 

0.4 

1 0.5 

++ 


9 

0.2 

— 

— 

— 

0.2 

0.3 


0.5 

++ 

-|--f 4 -+ 

10 

0.2 

— 

— 

— 

0.1 

0.4 



++ 

+- i -++ 

11 

0.2 

— 

— 

0.2 

— 

0.8 

o 

o 

— 

— 

— 








" h ! 




12 

0.2 

— 

— 

— 

— 

0.7 

p 

f ?" 

— 

— 

— 

13 

— 

— 

— 

— 

— 

0.7 


0.5 

— 

— 

14 

— 

0.2 

— 

— 

— 

1.0 

g 

— 

— 

— 

15 

1 

— 

— 

0.2 

— 

1.0 

ro 

a . 

— 

— 

— 


-f- -f -}- = Complete precipitation. 
— = No reaction. 


The simple monosaccharides, — glucose and galactose — from which 
the respective glucosides were syntliesized, have been found to be inert 
in specific precipitin and inhibition reactions with immune sera 
prepared with protein united to tire corresponding diazotized gluco- 
sides. 

The data presented in Tables III and IV, may be summarized as 
follows: — 
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1. The unconjugated glucosides, although themselves not precipi- 
table in immune serum, inhibit the reaction between the homologous 
sugar-protein and specific antibody. 

2. This inhibition is specific, since heterologous glucosides exert no 
inhibiting action. 


TABLE rv 


specific Inhibition by Homologous Galacloside of Precipitin Reactions mith Galaclo- 

Globulin Serum 



Galactc^ 

Globulin 

Serum 

GaUctoside 

Glucoside 

Salt solu* 
tion to 
volume 


Aotigen 




0.1 M. 



0.01 M. 


Galacto- 

Eeg. 

Albumin 

1:10,000 

Result 


cc. 

<c. 

cc. 

cc. 

CC, 

cc. 


cc. 

2 hrs. 
37^0. 

24 hrs. 
icc*box 

1 

iH 

0.2 



_ 

0.3 

s 

0.5 

_ 

— 

2 

wam 

0.1 



— 

0.4 

O' 

p 

0.5 

— 

— 

3 

0.2 

— 

■qEm 


— 

0.3 

S' 

1 0.5 

— 


4 

0.2 

— 



— 

0.4 

t 

0.5 

rfc 

=fc 

S 

0,2 

i 0.2 



— 

0.8 

to 


— 


6 

0.2 




— 

0.5 

? 

0.5 

++ 

H — 1-+ 

1 

7 < 

0.2 


1 

0.2 1 


0.3 

to 

o 

P 

0.5 

++ 

+-1—1- 

8 

0.2 


— 

0.1 

— 

0.4 

0.5 

++ 

-) — 

9 

0.2 


— 

— 

0.2 

0.3 


0.5 

++ 

+-i — h 

10 

0.2 



— 

0.1 

0.4 

*2 

0.5 

++ 

-i — 1 — f- 

11 

0.2 



0.2 

— 

0.8 

n 

n 


— 


12 

0.2 


■ 

B 

■ 

0.7 

’H. 




13 

— 




■1 

0.7 


0.5 

— 


14 

— 

0.2 

— 



1.0 

•-I 

— 

— ' 


15 

1 - 


0.2 

HI 

Hi 

1.0 

n 

c. 

— 

— 

— 


3. These glucosides c.xhibit the properties of haptens; they are 
non-antigenic substances which are specifically reactive, as shown by 
inhibition tests, with antibodies induced by proteins containing the 
homologous diazotized compounds. 

n. .VNTIPROTEXK ANTIBODIES (aNTI-p) 

In the preceding e.xpcrimcnts the immune sera prepared with 
conjugated sugar-proteins have been analvzed only nith reference to 
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tlie presence of antibodies specifically related to the particular carbo- 
hydrate radical introduced into the protein molecule. These so-called 
anti-carbohydrate antibodies (Anti-S) are specifically reactive with 
unrelated proteins containing the same diazotized glucosides. How- 
ever, in addition to the antibodies just described, the sera also contain 

TABLE V 

Precipitin Reactions of Gluco-GlobuUn Antiserum 

Showing the species specificity of tlie andprotein antibodies in cross reactions 
with antigens containing the same protein molecule. 

Gluco-GIobulin Scrum 


Dilution of 
Antigens 

Carbohydrate-protein Antigens 

GIuco-Globulin 

(horse) 

Galacto- 

Globulin 

(horse) 

Globulin 

(horse) 

Gluco- 

Albumin 

(egg) 

Galacto- 

Albumin 

(egg) 

Aibunun 

(egg) 

1:5000 

Z+'H — 1 — h\ 

\ KXXX ) 

xxxx 

xxxx 

i 

H — 1 — bA: 

1 

— 

1:10,000 

(' + + + + \ 

\ xxsx / 

X.XX 

xxxx 

+ + + 

— 

— 

1:20,000 

(+++) 

XX 

XX 

1 

"1 — b± 

— 

— 

1:40,000 

\ XXX / 

X 

j 

XX 

” 1 


— 

1 

1:80,000 

it) 

X 

X 

± 

— 

1 

! 

1:100,000 

it) 

1 

X 

— 

— 



X = Reactions witli common species protein by Anti-P antibodies. 

+ ~ Reactions with specific carbohydrate group by Anti-S antibodies. 


anti-protein antibodies which are reactive only with the particular 
kind of protein present in the immunizing antigen. The following 
experiments deal with the occurrence, the species specificity and 
.specific absorption of the anti-protein (Anti-P) antibodies. 

i. Occurrence: In tlie conjugated antigens used for immimization 
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the total amount of protein present was estimated by determining the 
nitrogen content of the solution. However, this method of standardi- 
zation is obviously inadequate, since it provides no measure of the 
relative amoimt of protein bound by the diazotized glucoside. As an 
excess of protein was always used for coupling with the carbohydrate, 
a greater or less amount of imbound protein remained free in solution 
depending upon the variable factors involved in the chemical reactions 


TABLE VI 

Precipitin Reactions of Galaclo-Glohdiii Antiserum 


Dilution of 
Antigen 

GaUcto-Globulxn 

Gluco- 

Globulin 

Globulin 

Gluco- 

Albumin 

Galacto- 

Albumin 

Albumin 

1:5000 


X 

X 

- 

+-r-f— f-J 

- 

1:10,000 


X 

X 

- 

1 

+ + + + 

- 

1:20,000 


X 

— 

- 

-b+± 

- 

1:40,000 

(V) 

j 

X ' 

1 


~\-'b 









1:80,000 

C) 

- 

- 

i 

1 

4- 

1 

- 

1:100,000 

(i) 

- 

- 


- 



t = Bulky precipitate representing combined action of Anti-Sand Antj-P. 
t = Compact disk-like precipitate characteristic of Anti-S reactions. 


associated with the process of diazotization. The occurrence of anti- 
protein antibodies in the serum of rabbits immunized with gluco- 
globulin and galacto-globulin is, therefore, presumably due to the 
presence in both antigens of an c-xcess of common protein free in 
solution. 

The differences observed in the litre of antiprolein predpitins in 
the two sera. (Tables V and VI) appear to be attributable to corre- 
sponding differences in the relative amount of free protein in eadi 
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antigen. This opinion is strengthened by the fact that the gluco- 
globulin antigen which jdelded a high concentration of Anti-P precipi- 
tins was found on analysis to contain approximately 63 per cent more 
protein by weight than was present in the solution of galacto-globulin. 
This difference is reflected in the relative concentration of precipitins, 
since the serum prepared with the antigen having the greater amount 
of protein contains the liigher concentration of anti-protein antibodies. 

In this connection it is interesting to observe that, despite the 
differences in anti-protein response, both antigens gave rise to specific 
anticarbohydrate antibodies in approximately equal titre. 

TABLE VII 

Prccipitut Reactions of Anti-horse Serum with Sugar-proteins containing horse scrum 

Globulin 

Anti-horse Serum 


Dilution of Antigen 

Gluco-Globulin 

Galacto-Globulin 

Original Globulin 

1:1000 


XX 

XXX 

1:5000 

S.’lXX 

xxxx 


1:10,000 


XXX 

."S.t.X.K 

1:20,000 

XX 

XX 

XXX 

1:40,000 

X 

X 

XX 

1:80.000 

X 

X 

X 



— 



The antiprotein antibodies evoked by immunization with gluco- 
globulin and galacto-globulin, are presumably due to the presence in 
the antigens of free protein unbound by the diazotized glucosides. 
The supposition that, even in the absence of free protein, the sugar- 
protein compex alone may give rise to two qualitatively different 
antibodies, each specifically related to the corresponding constituent 
of the antigenic complex, affords an interesting alternative explanation 
of the occurrence of the two antibodies in the same immune serum. 
This concept involves the assumption that the binding of the diazo- 
glucoside to the protein does not entirely mask the groups essential 
to the specificity of tlie protein molecule, and that the carbohydrate 
radical through conjugation acquires specific antigenicity while the 
protein molecule retains in part its original antigenic properties. 

2. Specificity: The antiprotein antibodies commonly found in these 
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inunune sera exliibit only the species specificity of the particular kind 
of protein present. Since the same protein was used in preparing 
both test antigens, it is not surprising that a serum obtained with one 
shows cross precipitation with solutions of the other. The antiprotein 
precipitins in both sera react only in the presence of the homologous 
protein of the same species. They do not precipitate proteins unre- 
lated to that present in the immunizing antigen. In this respect they 
are easily differentiated from the anticarbohydrate antibodies which, 
as shown in the present study, react with heterologous protein contain- 
ing the same sugar radical. 

TABLE \'in 

Dijferenlialton of Anti-S and Anli-P Antibodies by Specific Inhibition with 
nomologous Glucoside 


Antigens 


Gluco*borr<'G]obiiljn Senua 
from rabbit* 

GIuco-Albumin (Egg)t 



GlobuUn (Horse) t 


1:5000 

1:10,000 






1:40,000 

With the addition of 
Glucoside 





XX 

XX 

XX 

X 

Without the addition of 
Glucoside 

-f — 1 — hi 

++++ 

-i — 1 — h 


XXX 

XX 

XX 

X 


* Precipitating serum prepared by immunization of rabbit with solution of 
glucoside coupled to globulin obtained from horse serum, 
t Demonstrating anti-carbohydrate (anti-S) reactions, 
f Demonstrating anti-protein (anti-P) reactions. 

The species specificity of the antiprotein precipitins is demonstrated 
in Tables V and \T. The species relationship between homologous 
protein and its antibody is again illustrated in Table "VTI, in which it 
is evident that a precipitating serum prepared by immunization of 
rabbits with plain horse serum reacts with solutions of gluco- and 
galacto-globulin containing in common a native protein of the same 
animal origin. These protein-antiprotein reactions conform in all 
respects to the well known prindples of spedes spedfidty. They are 
induded here only to emphasize by contrast the preceding obser\-a- 
tions on the new spedfidty acquired by proteins of unrelated spedes 
when a simple sugar radical is attached to the protein molecule. 
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derivatives of two different sugars tiic resulting compounds are, in 
eacli instance, serologically distinct and specific. 

In addition, the present work reveals the important fact that deriva- 
tions of the two simple monosaccharides — glucose and galactose — 
which differ one from the other only in the spatial configuration of a 
single carbon atom, exhibit distinct immunological specificity when 
combined with the same or different proteins. Thus, for the first time, 
it has been shown by direct experimental eiddence that asymmetry of 
the carbon atoms in tlie sugar radical alone suffices to determine 
differences in the specificity of sugar-protein antigens. Furthermore, 
these simple carbohydrate substances mask the species spedficity of 
the protein molecule to which they are attached, and confer upon the 
combined antigen a new specifidtj'- whicli is dependent solely upon the 
chemical structure of the simple sugar radical. 

The particular hexosides used in tlie present study were synthesized 
from glucose and galactose in form of the corresponding p-aminophenol 
iS-glucoside and galactoside. These substances, when injected into 
the animal body, apparently do not stimulate tlie formation of demon- 
strable antibodies in the blood serum of the treated rabbits. At least 
it may be stated that attempts to induce antibodj^ formation have 
failed despite the fact that both glucosides contain approximately five 
per cent of nitrogen. This lack of ability to stimulate tlie formation 
of antibodies is interesting in the light of Ford's original observation 
(5) that a nitrogenous glu coside isolated from a variety of poisonous 
mushroom produced antibodies which neutralized the hemolytic 
action of the glucoside. It may be mentioned in passing that the 
glucosides used in the present study are not hemoljffic for rabbit blood 
cells. Moreover, both glucosides fail to cause the formation of a 
precipitate when added to an immune serum prepared with the 
homologous sugar-protein. The lack of specific precipitation in 
immune serum may be referable to tlie fact that the simple sugar 
derivatives are crystalloids and of relatively small molecular size 
when compared with the colloidal and higlily complex sugars of 
Pneumococcus which react so readily in precipitin tests with specific 
antibacterial sera. However, despite the lack of specific precipi- 
tability, the homologous glucoside when added to the test mixture 
inhibits the precipitin reaction between the corresponding sugar- 
protein and its specific antibody. 
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The mechanism of the inhibition is not as yet clear. It is definite, 
however, that the inhibitory action of the sugar radical is specific. 
The precipitins for galacto-protein compounds, for example, are 
inhibited only in the presence of the homologous galactoside and 
are not affected by the addition of the heterologous glucoside (Tables 
III and RO- Moreover, the inhibition reaction, as Landsteiner has 
pointed out in the case of the azo-proteins, affords a specific method 
for the serological differentiation of simple chemical substances, — in 
this instance isomeric sugar derivatives — which by themselves are not 
antigenic ahd non-precipitable in immune sera. By reason of their 
serological specificity it appears justifiable to place these artificially 
prepared glucosides in the class of carbohydrate haptens, the most 
conspicuous examples of which are the specific polysaccharides 
naturally found in certain micro-organisms. 

The results obtained with these synthetic sugar-proteins offer 
suggestive lines of approach to a further study of the chemo-immuno- 
logical nature of those complex bacterial antigens in which carbo- 
hydrates are known to be the specific substances. 

SUirUARY 

1. When two chemically different carbohydrate derivatives are 
bound to the same protein, the newly formed antigens exhibit distinct 
immunological specificity. 

2. When the same carbohydrate radical is conjugated with two 
chemically different and serologically distinct proteins both of the 
sugar-proteins thus formed acquire a common serological specificity. 

3. The newly acquired specificity of the artificially prepared sugar- 
proteins is determined by the chemical constitution of the carbo- 
hydrate radical attached to the protein molecules. Simple differences 
in the molecular configuration of the two isomers, — glucose and 
galactose — suffice to orientate protein specificity when the corre- 
sponding glucosides of the two sugars are coupled to the same protein. 

4. The unconjugated glucosides, although themselves not precipi- 
table iu immune serum, inhibit the reaction between the homologous 
sugar-protein and its specific antibody. The inhibition test is specific. 

5. The sugar derivatives unattached to protein exhibit the proper- 
ties of carbohydrate haptens; they are non-antigenic but specifically 
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reactive, as shown by inhibition tests, witli antibodies induced by 
proteins containing the homologous diazotized glucosidc. 

6. The specificity of artificially prepared sugar-proteins is discussed 
with reference to the chemo-immunological nature of the bacterial 
antigens containing complex sugars, 
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CHEMO-BCvIUNOLOGICAL STUDIES ON CONJUGATED 
CARBOHYDRATE-PROTEINS 


TTT AcmrE AND Passive Anaphylaxis with Synthetic Shgah- 

Proteins 

By WTXLIAM S. TILLETT, M.D., OSWALD T, A\^RY, M.D., 

A^^) WALTHER F. GOEBEL, Ph.D. 

{From the Hospital of The Rockefeller Institute for Medical Research) 
(Received for publication, July 18, 1929) 

In the two preceding papers of this series Avery and Goebel (1, 2) 
have- reported the results of chemo-immunological studies on con- 
jugated carbohydrate-proteins. 

In the first of these communications Goebel and Avery (1) described the chemi- 
cal methods by means of which the p-aminophenol glucosides were synthesized from 
glucose and galactose and the diazotized substances bound to protein. The two 
newly synthesized sugar-proteins differ from one another chemically only in 
specific rotation and molecular configuration. In the second paper, Avery and 
Goebel (2) reported the antigenic properties and serological specificity of the con- 
jugated carbohydrates. They found that the glucosidic radical of the compound 
antigen endowed the new complex with specific reactivity. This was demon- 
strated in two ways. First, when the same glucoside is attached to two different 
proteins, as serum globulin or egg albiunin, the serum prepared by im muniz ation 
■nith either one of the antigens is specifically reactive with the other. Second, 
when the two different glucosides, — ^glucoside and galactoside — are each com- 
bined with the same protein, the newly formed compounds are serologically dis- 
tinct. These facts were foimd to be true even though the individual glucosides 
are isomers differing only in the spatial configuration of a single carbon atom. 

On the other hand the tincombined glucosides alone were found to be non- 
antigenic. They failed to induce antibody formation in the animal body and 
caused no visible precipitation when added to immune sera in vitro. However, 
both glucosides possess the capacity of specifically inhibiting the predpitating 
action of homologous antisugar-protein senun. IMien galactoside was mixed with 
serum prepared by immunization with galacto-globulin,* the subsequent addition 


^ The terms employed in this paper to represent the sugar-protein compounds 
. are the same as those used by Avery' and Goebel (2) . 
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of galacto-albumin to the mixture did not cause precipitation. Furthermore, when 
the heterologous glucoside was substituted in the same system, no inhibition of the 
precipitin reaction occurred. These results demonstrate the specificity of the 
inhibition phenomenon. Avery and Goebel (2) considered that the uncombined 
glucosides possess the immunological properties of haptens. 

The role of carbohydrate in anaphylaxis has been a subject of 
recent experimental investigation. 

Tomesik (3) working with B. lactis aerogenes, and later Tomesik and Ivurotch- 
kin (4) employing B. lactis aerogenes, the pneumobacillus, and a yeast, isolated 
carbohydrate substances which produced anaphjdactic shock in guinea pigs 
passively sensitized witli homologous immune serum. Lancefield (5) also ob- 
tained from streptococci carbohj'drate material with which anaplnda-xis could be 
induced in guinea pigs passivel 3 ’^ sensitized with anti-streptococcus serum. Be- 
cause of the presence of small amounts of nitrogen in the products, none of these 
authors felt justified in concluding tliat the carbohydrate alone was responsible 
for the shock. Avery and Tillett (6) cmplojnng the highly purified polj'saccharide 
of the type-specific pneumococci showed that guinea pigs passively sensitized with 
homologous anti-pneumococcus rabbit serum were thrown into anaphylactic 
shock by the subsequent injection of the homologous specific carbohydrate. 
Guinea pigs could not, however, be activelj’’ sensitized with the purified poly- 
saccharides alone. Since the materials used in those experiments were protein- 
free, and in the case of the Tj'pe II and T 3 "pe III substances also nitrogen free, 
the results condusiveb' demonstrate the capacity of comple.x sugars to induce 
anaphylactic shock in animals passiveb’’ sensitized with antibacterial sera. 

The immunological specificity of pneumococcus polysaccharides 
has a close analogue in tlie serological specificity exliibited by gluco- 
protein and galacto-protein. The immunologic behavior of the syn- 
thesized sugar-proteins led to their use in sensitization experiments. 
The results, reported in this paper, on anaphylaxis witli artificially 
prepared carbohydrate-proteins confirm and extend the serological 
findings previously reported. The production of both active and 
passive anaphylaxis was attempted in order to determine the sensitiz- 
ing properties of the syntlietic antigens and to demonstrate the speci- 
ficity of the reactions. 


GlucO'globuIin represents phenol /J-glucoside-azo-globulin. 
Gluco-albumin represents phenol /S-glucoside-azo-albumin. 
Galacto-globulin represents phenol / 3 -galactoside-azo-globulin. 
Galacto-albumin represents phenol yS-galactoside-azo-albumin. 

The globulin was prepared from horse serum, and the albumin from egg white. 
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EXPERIMENTAL 

Guinea pigs weighing 240 to 275 grams were employed. The sensitizing dose, 
whether scrum or sugar-protein, was always injected intraperitoneally. The 
shocking dose was uniformly injected intravenously into a superficial vein of the 
hind leg. 

For detaib concerning the chemical procedures involved in the synthesis of the 
materials, the reader is referred to the article by Goebel and Aveiy (1). 

The serological characteristics of the serum employed and the method of prepara- 
tion are described by Avery and Goebel (2) . 

Passive Sensilization 

A. Results ohlained with sugar-protein compounds 

Eight guinea pigs were injected intraperitoneally with the pooled serum of three 
rabbits immunized with gluco-globulin. Five guinea pigs each received 5 cc. of 
serum, one received 3 cc., one received 1 cc., and one 0.5 cc. As previously men- 
tioned, serum of this character possesses the capacity to precipitate complex anti- 
gens composed of heterologous protein conjugated with the homologous glucoside. 
The antigluco-globulin sera used in these experiments had an average titre of 
specific precipitins, as determined by tests made with gluco-egg-albumin, of 1 to 
80,000. By reason of the fact that horse globulin alone when used as antigen does 
not elicit antibodies reactive with egg-albumin, the high precipitin titre of these 
sera is obviously dependent upon the conjugated glucoside radical. 

Twenty-four hours after the administration of gluco-globulin antiserum, each 
pig received intravenously 1 cc. of gluco-albumin. 

From Table I it can be seen that the five pigs sensitized with 5 cc. 
of serum all died with t 3 T)ical symptoms of anaphylactic shock. 

The animals passively sensitized with 3 cc. and 1 cc., respectively, 
of antigluco-globulin senun had definite and typical s)miptoms imme- 
diately following the injection of 1 cc. of gluco-albumin but recovered. 
Pig No. 6, which received 0.5 cc. of serum, exhibited only a slight 
reaction. 

A similar experiment was carried out using antigalacto-globulin 
serum for sensitization and galacto-albumin as the toxigenic antigen. 

Sera obtained from three rabbits immunized with galacto-globulin were pooled; 
the precipitin titre, as determined with galacto-albumin, averaged 1 to 80,000. 
Eight guinea pigs were injected intraperitoneally as follows; 5 a-nimalg received 
5 cc. of serum each, one received 3 cc., one received 1 cc., and one, 0.5 cc. The 
results given in Table II are equally as definite as those shown in Table I. All 
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TABLE I 

Passive Anaphylaxis with Anii-Gluco-Glohnlin Scrum' 


Reactiobs induced by the use of the homologous glucosidc conjugated with a 
heterologous protein — Gluco-Albumin 


Guine.T pig No. 

Anti-gluco- 

globuHn 

Interval 
between 
injection of 
scrum and 
shock dose 

Shocking 
dose i.v. 

Symptoms 

Result 


1 





cc. 

hrs. 

stuco-eei;- 

albumin 



1 

5 

24 

1 CC. 

Typical 

t34 minutes 

2 

5 

24 

1 cc. 

Tj'pical 

t3§ minutes 

3 

5 

24 

1 cc. 1 

1 ^ 7)1031 

t2if minutes 

4 

3 

24 

1 cc. 

hlarked scratch- 

Definite symp- 





ing, bucb'ng, 

toms followed 


1 

1 



coughing, respir- 
atory distress 

by recoveiy' 

5 

1 

24 

1 cc. 

Violent tj’pical 

Definite sjmip- 


1 

i 



sjTnptoms 

1 

toms followed 
by recovery 

6 

0.5 

24 

1 cc. 

Occasional 

No reaction 





scratdiing 




1 

salacto-ess- 
1 albumin 



7 

5 

24 

‘ 1 cc. 

None 

No reaction 




albumin 

1 

1 


Same animal 4 

_ 

— 

1 cc. 

Typical 

f4 minutes 

hrs. later 









salacto-cgg- 

albumin 



8 

5 

24 

1 cc. 

None 

No reaction 




gluco-ess- 

albumin 



Same animal 4 

— 

— 

1 cc. 

Typical 

f4J minutes 

hrs. later 







t Death of animal, 
i.p. = intraperitoneal. 
i.v. = intravenous. 
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pigs sensitized ^viVll Hoinologous immune scrum in amounts from 1 to 5 cc. reacted 
typically and fatally to the intravenous injection of 1 cc. of galacto-albumin; 
0.5 cc. of serum was insufficient to sensitize. 

TABLE n 

Passive Anaphylaxis viith Anti-Galacio-Glohulin Scrum 


Reactions induced by the use of the homologous galactoside combined with a 
heterologous protein — Galacto-Albumin 


Guinea pig No. 

Anti-galacto- 
globulin 
scrum i.p. 

Interval 
^ ^tween 
injection of 
serum and 
shock dose 

Shocking 
dose I.v. 

Symptoms 

1 

Result 

1 

2 

3 

4 

5 

6 

«. 

5 

5 

5 

3 

1 

0.5 

kn. 

24 

24 

24 

24 

24 

24 

1 eaUcto-ttt- 

atbumin 

1 CC. 

1 cc. 

1 cc. 

1 cc. 

1 cc. 

1 cc. 

1 

Typical 

Typical 

Typical 

Typical 

Typical 

Slight scratching 
and coughing 

f 3 minutes 
fS minutes 
t3 J minutes 
f3 minutes 
t3j minutes 

Very mild reac- 
tion with re- 
covery 

7 

5 

24 

tluut-tfc- 

clbumin 

1 CC. i 

None 

No reaction 

Same animal 1 
hr. later 

- 


galactO'fu- 

albumin 

1 CC. 

Typical 

1 

fSJ minutes 

8 

5 

1 

24 

Cluc<l.tCS- 

albumin 

1 CC. 

None 

No reaction 

1 

Same animal 1 
hr. later 

- 

- 

galacto-tgg- 

albitmin 

1 CC. 

Typical 

t3 minutes 


t Death of animal, 
i.p. = intraperitoneal. 
i.v. = intravenous. 


In Tables I and II it is also shown that the reactions in guinea pigs 
induced with sugar-proteins and anti-sera are strictly specific. 
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Animals No. 7 and No. 8 of Table I received antigluco-globulin scrum and 24 
hours later were injected intravenously with galacto-albumin. No reaction 
occurred. Four hours later, the introduction of gluco-albumin induced tj’pical 
fatal shock. Similarly pigs No. 7 and No. 8 of Table II, sensitized with anti- 
galacto-globulin serum, were unharmed by gluco-albumin; the subsequent ad- 
ministration of the homologous galacto-albumin antigen caused anaphylactic 
death of these animals. The animals also ser\fe to demonstrate the fact that gluco- 
albumin and galacto-albumin arc not primarily toxic, 

B. Results obtained with uncomhined glucosides 

The specific inhibitory effect exerted by the ' glucosides on the 
precipitin reaction of sugar-protein and anti-sera has been described 
in detail by Avery and Goebel (2) and has been previously commented 
upon in this paper. It, therefore, seemed of interest to determine 
whether anaphylactic shock could be elicited by glucosides alone in 
passively sensitized guinea pigs, and if not, whether the inhibition 
which these substances have on the precipitin test would also be 
evident in the anaphylactic reaction. 

As shown in Table III, two pigs (Nos. 1 and 2), sensitized 24 hours previously' 
with antigluco-globulin serum, were injected intravenously vith 1 cc. of the un- 
combined homologous glucoside. No reaction occurred. Two hours later 1 cc. of 
gluco-albumin injected into the same animal caused prompt anaphylactic death. 

In guinea pigs Nos, 3, 4, and 5, the introduction of glucoside alone was followed 
immediately by an injection of gluco-albumin. E.xcept for slight scratching, no 
response was elicited. 

From these results it may be seen that the injection of glucoside 
into a sensitized animal exerts a definite but transitory protection 
against the shocking capacity of material which otlierwise would be 
fatal. That the protective action of the glucoside is specific is demon- 
strated by guinea pigs Nos. 6, 7, and 8. These animals were injected 
with the heterologous galactoside; when, immediately thereafter they 
were given gluco-albumin no protection resulted and they died 
promptly with typical anaphylactic shock. 

Table IV presents the results obtained with guinea pigs, which, 
after having been sensitized with antigalacto-globulin serum, were 
protected by the galactoside from the toxigenic effect of galacto- 
albumin. 
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Result 

t4 minutes. 
t4 minutes 

No reaction 

No reaction 

No reaction 

17} minutes 

f3} minutes 

Severe shock followed 
by recovery 

i 

1 

Symptoms 

1 

Typical 

Typical 

Scr.atches slightly, no 
other symptoms 
Scraitches slightly, no 
other symptoms 
Scratches slightly, no 
other symptoms 

Typical 

Typical 

Severe symptoms, fads 
on side. Apnoca; 
on feet 

Injection 
of sugar- 
protein 
i.v. 



V c o o a o a 

i 5 w u u u u 

^ ^ ^ ^ 

! 

1 cc. 

1 cc. 

1 cc. 

Interval between 
injection of 
glucoside and sugar- 
protein 1 

hrs. 

2 

2 

Followed imme- 
diately by 
Followed imme- 
diately by 
Followed imme- 
diately by 

Followed imme- 
diately by 
Followed imme- 
diately by 
Followed imme- 
diately by 

Result 

No reaction 
No reaction 
No reaction 

No reaction 

No reaction 

No reaction 

No reaction 

No reaction 

Injection of 
glucoside 
i.v. 

mammm 

i 0 0 o 

§ u w u 

tj 

Interval 
between 
injection 
of scrum 
and ana- 
phylactic 
test 

^ ^ ^ ^ 

CN CN C'l cs 

24 

24 

24 

.i ill s . 
aS.gHa 
C-5.2S- 

« JO »0 lo to to 

to to vr> 

Guinea 
Pig No. 

»-« fNj to »0 

to 00 


t Deatli of animal, 
i.p. = intraperitoncal. 
i.v. = intravenous. 
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The results are, in every respect, identical with those given in 
Table III both with regard to the transitory nature of tlie phenomenon 
and to its specificity. 

The mechanism of the protection afforded by the glucosides is not 
as yet understood. The fact tliat the protective effect is no longer 
demonstrable after two hours indicates that ‘^desensitization," — if such 
has occurred — is transitory. Instances of what appears to be true 
desensitization have been observed in these experiments and are 
recorded in Table V. 

Guinea pigs Nos. 1, 2, and 3, passively sensitized with antigluco-globulin 
serum, were protected from the shocking efifect of 1 cc. of gluco-albumin b}' a pre- 
vious injection of homologous glucoside. Four and one-half hours later the same 
pigs received a second injection of 1 cc. of gluco-albumin. No reaction occurred. 
The absence of shock following the second injection of whole antigen seems to be 
dependent upon the first dose of gluco-albumin. That the glucoside alone plays no 
direct part in the refractory state is demonstrated by its ineffectiveness when in- 
jected singly, two hours prior to the shocking dose (Table III). Pigs Nos. 4, S, and 
6 of Table V demonstrate the same principle, the difference being that antigalacto- 
globulin serum was used for sensitization, and galactoside and galacto-albumin 
were employed to complete the test. 

C. Rcsi/Us obtained with imcombined protem 

Avery and Goebel (2) have shown that the serum of rabbits immu- 
nized with synthetic sugar-proteins (gluco- or galacto-globulin) pos- 
sesses two distinct antibodies; 1) tlie specific precipitin so intimately 
associated with the carbohydrate radical of the compound; 2) the 
“common” precipitin, reactive with globulin alone. Passive ana- 
phylaxis experiments were, therefore, carried out, using pure horse 
globulin as the toxigenic material. 


For sensitization, one pig received intraperitoneally 1 cc. of senun prepared by 
immunization with gluco-globulin; a second pig received 1 cc. of serum derived 
from a rabbit immunized with galacto-globulin. Twenty-four hours later each 
received 12 mgms. of globulin. Both animals died in t 3 T)ical anaphjdactic shod: 
(Table VI). A normal pig receiving the same dose of globulin gave no reaction. 
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TABLE 

Passive Anaphylaxis with Anti-Gluco-Glohulin and Anli-Galaclo-Globiilin Sera 


Reactions induced by the use of horse globulin 


Guinea 
pig No. 

Sensitizing serum 
i.p. 

Time 

interval 

Shocking dose ! 

i.v. 

SjTnptoms 

Result 

1 

j 1 cc. anti-gluco- 

Ars, 

24 

1 cc. horse-globulin 

Typical 

t3 minutes 

2 

globulin serum 

1 cc. anti-galacto- 

24 

{12 mgms.) 

1 cc. horse-globulin 

Typical 

j2 J minutes 

3 

globulin serum 
Normal control 

““ 1 

1 cc. horse-globulin 

None 

No reaction 


t Death of animal, 
i.p. = intraperitoneal. 
i.v. = intravenous. 


Active Anaphylaxis 

For purposes of testing the capacity, of the synthetic sugar-proteins 
to produce active sensitization, 10 guinea pigs were injected intra- 
peritoneally with 5 cc. of gluco-globulin and 10 other animals were 
similarly inoculated with 5 cc. of galacto-globulin. 

In the preparations employed, 5 cc. of sugar-globulin contained 50 mgms. of 
protein. It is estimated (1) that 15 per cent by weight of this complex represents 
chemically combined glucoside. Consequently each pig received approximately 
7.5 mgms. of the synthesized sugar-protein. The 20 pigs were tested 21 days later 
for active sensitization. As in the experiments on passive anaphylaxis, the sensi- 
tizing dose consisted of material in which the glucoside was joined to a protein 
heterologous to that used for sensitization. As previously mentioned, this pre- 
caution was taken in order to eliminate the possibility of protein-antiprotein 
reactions entering into the results. 

In Table VII, the results of active sensitization obtained by the use 
of gluco-proteins are given. ' 

Pigs Nos. 1, and 2, previously sensitized with gluco-globuIin, were injected in- 
travenously with 1 cc. of gluco-egg-albumin. Each promptly succumbed with 
typical symptoms. Pigs Nos. 3 and 4 of Table VU demonstrate the specificity 
of the sensitization; both of the animals when tested with 1 cc. of galacto-albumin 
showed no reaction. However, when, 3 hours later, 1 cc. of gluco-albumin was 
introduced, they reacted fataUy. Pigs Nos. 5, 6, 7, and 8 were used to determine 
the influence of homologous uncombined glucoside on the reaction. In these tests 
the same relations were found to exist as described in the experiments on passive 













TABLE Vn 

A dim Anaphylaxis in Guinea Pigs Sensitized with Gluco-Globulin 
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t Death of animal. 
i,p. = intraperitoneal, 
i.v. = intravenous. 
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anaphylaxis. When glucosidc was injected immediately before gluco-albumin, 
complete inhibition of anapliylaxis resulted. However, when glucoside was in- 
jected one and one-half to two hours before the shocking dose (Pigs Nos. 5, 6, and 
7), no protection occurred. Pig No. 9 of Table VII is further evidence of the 
specificity of active sensitization; in this animal attempts to inhibit shock with 
heterologous galactoside and to desensitize with galacto-albumin were incflcctual 
since the subsequent injection of gluco-albumin produced characteristic death. 

TABLE IX 

Active Anaphylaxis in Guinea Pigs Sensitized with Ghico-GlohuUn and 

Galacto-GIobulin 


Reactions induced b}' the use of horse globubn — the protein common to both 

antigens 


Guinea 
pig No. 

Sensitiang serum 
i.p. 

Time 

intcrv.al 

Shocking dose 
i.v. 

S>Tnptoms 

Result 



days 




1 

5 cc. gluco-globulin 

21 

1 cc. horse-globulin 
(IS mgms.) 

Tiqjical 

minutes 

2 

5 cc. gluco-globulin 

21 

0.5 cc. horsc-glob- 
ulin (9 mgms.) 

Topical 

tl4 minutes 

3 

See. galacto- 
globulin 

21 

1 cc. horse-globulin 
(18 mgms.) 

Tj'pical 

f3 minutes 

4 

5 cc. galacto- 
globulin 

21 

0.5 cc. horse- 
globulin 
(9 mgms.) 

Topical 

t7} minutes 

5 

Normal control 


1 cc. horse-globulin 
(IS mgms.) 

None 

No reaction 


t Death of animal, 
i.p. = intraperitoneal. 
i.v. = intravenous. 


In Table VIII, a similar group of experiments was carried out 
employing galacto-globulin for sensitization instead of gluco-globulin. 
Galacto-albumin was the toxigenic agent; galactoside was injected 
for inhibition tests. Results comparable in every respect to those 
recorded in Table VII were obtained. Consequently a detailed 
description need not be given. 

Table IX presents the results obtained in guinea pigs actively 
sensitized with gluco-globulin (animals Nos. 1 and 2) or with galacto- 
globulin (Nos. 3 and 4) and subsequently injected with horse globulin. 
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All the animals gave typical reactions. Active sensitivity in these 
pigs was in all probability induced by the uncombined globulin present 
in the sensitizing material. 


DISCUSSION 

The experiments reported in this paper demonstrate the capacity 
of artificially prepared sugar-proteins to produce both active and 
passive anaphylaxis. The tests were devised and carried out in such 
a manner as to emphasize the significance of the carbohydrate radical. 
The fact that guinea pigs, passively sensitized with antigluco-globulin 
serum, or actively sensitized with gluco-globulin, can be subsequently 
shocked with gluco-albmnin, demonstrates that the antigen-antibody 
specificity in these instances is directly dependent upon the carbo- 
hydrate fraction of the antigenic compoimds. 

The introduction of the sugar radical into the protein molecule 
endows the new complex with a sharply defined specific antigenicity. 
This fact is brought out by experiments in which galactoside was 
substituted for glucoside in the preparation of sugar-proteins used 
for sensitization. The same specific relations hold in the production 
of anaphylaris with galacto-proteins as that described for gluco- 
proteins. Attempts to incite anaphylactic shock with heterologous 
material were -ineffectual. The results of the anaphylactic experi- 
ments conform to the results anticipated by the serological findings 
of Avery and Goebel (2). 

Landsteiner (7), employing complex antigens, has reported experi- 
ments on anaphylaxis of a similar character to those presented in this 
report. He found that guinea pigs sensitized with one azoprotein 
could be shocked by the injection of a second compound containing 
the same azo-groups attached to a different protein. 

In addition to the new specificity which the carbohydrate radical 
confers upon the conjugated proteins, the uncombined glucosides by 
themselves also exert a definite influence on the reactivity of sensitized 
animals. WTien sensitized pigs are injected with the homologous 
glucoside immediately before the introduction of the toxigenic sugar- 
protein, they are completely protected from shock. However, the 
protection afforded by the glucoside alone is apparently only transi- 
tory; for, when the interval between introduction of glucoside and 
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shocking agent was as long as two hours, the injection of homologous 
sugar-protein produced prompt and typical anaphylactic deatli. 
That the temporary protection just mentioned is specific, was 
demonstrated by the experiments in which uncombined carbohydrate 
of heterologous type was shown to exert no such protective action. 

The transitory, specific protection afforded by the glucosides alone 
is not yet understood. Landsteiner (7) found in experiments on ana- 
phylaxis with azoproteins that the azo-component, when injected one 
hour before the conjugated azoprotein, inliibited shock. He con- 
sidered that a state of anti-anaphylaxis had been induced. In the 
tests with glucosides and sugar-proteins, sufficient evidence has not 
been obtained to interpret the meclianism other than to say that the 
inhibitory effect of tlie glucosides disappears in at least two hours. 

Active and passive anaphylaxis has also been elicited with uncom- 
bined globulin. Whetlier animals were passively sensitized witli anti- 
gluco-globulin or antigalacto-globulin serum, tlie toxigenic action of 
globulin was equally effective. Since the sera employed contained 
anti-globulin antibodies, these results were to be expected. Guinea 
pigs actively sensitized with either gluco-globulin or galacto-globulin, 
were found to be equally sensitive to uncombined globulin. Since the 
material used to produce active sensitization contained free globulin, 
the subsequent intoxication with horse globulin is obviously based on 
a simple protein- anti-protein reaction. 

CONCLUSIONS 

1. Guinea pigs passively sensitized with the serum of rabbits 
immunized with an artificially prepared sugar-protein (gluco-globulin) 
exhibit typical anaphylactic shock when subsequently inoculated with 
glu co-albumin; the serum of rabbits immunized with a second syn- 
thetic sugar-protein (galacto-globulin) similarly sensitizes guinea pigs 
to galacto-albumin. The reactions, in eacli instance, are specific and 
depend for their specificity on the carbohydrate component, and not 
on the protein fraction of the synthesized sugar-protein. 

2. Guinea pigs actively sensitized with gluco-globulin or galacto- 

globulin are similarly subject to anaphylactic shock, when injected, 
after 21 days, with sugar-proteins containing carbohydrate identical 
with that present in the sensitizing antigen, regardless of the kind of 
protein with which it is combined. ■ , 
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3. The unconjugated glucosides, although themselves not capable 
of inducing shock, inhibit the anaphylactic reaction when injected 
immediately prior to the introduction of the toxigenic sugar-protein. 
The protective action of the glucosides disappears within two hours 
after injection. In order to eljcit the phenomenon, the carbohydrate 
must be the same as that combined in the sugar-protein complex. 

4. Anaphylactic shock may be induced by uncombined globulin in 
guinea pigs passively sensitized with either antigluco-globulin serum 
or antigalacto-globulin serum; globulin is similarly effective in animals 
actively sensitized with gluco-globulin or galacto-globulin. Thereac- 
tions elicited by globulin alone are dependent upon the common pro- 
tein present in the antigens, and exhibit only species specificity. 
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THE LWER AS THE SOURCE OF FIBRINOGEN 

By D. R. DRURY, I^I.D., aso PHILIP D. ItIcMASTER, M.D. 

[From the Laboratories of The Rockefeller Instituie for Medical Research} 

(Received for publication, June 21, 1929) 

The present work embodies studies on the problem of fibrin regenera- 
tion in rabbits deprived of the entire liver (1). 

In the past the formation of fibrinogen has been ascribed to various organs. 
Claude Bernard in 1848 (2), Lehmann (3), and Brown-Sequard (4) believed thej' 
had found the blood of the mesenteric veins rich in the substance and the content 
of the hepatic and renal veins relatively poor. Years later these findings seemed 
to be confirmed by the work of Dastre (5-8). As result the liver was credited 
with the function of fibrinogen destruction while certain other organs, particularly 
the intestine, were looked upon as its chief site of origin. By others, in the mean- 
time, the lungs and skin (6), the bone marrow (9, 10), and leucocytes (11) have 
been thought to form it. The more important of these views vdll be considered 
further on in connection with our findings. 

In 1905 Doyon (12, 13) and his associates found that extensive degenerative 
changes in the liver were accompanied by a fall in the blood fibrinogen content of 
dogs poisoned by chloroform and phosphorus. They suggested the liver as a 
probable source of fibrinogen. In the last quarter of a century this view has 
steadily gained acceptance. Nearly aU workers on the question of the origin of 
fibrinogen are now agreed that the liver is its chief source. Whipple andHurwitz 
(14) have determined a striking correspondence between the extent of liver damage 
and the decrease of blood fibrinogen in dogs poisoned by chloroform and phos- 
phorus, and they have suggested an hepatic origin of this blood protein. Good- 
pasture (15), studying fibrinogen regeneration in dog’s blood, agreed with this 
view in part but concluded that the intestines act as a controlling if rmessential 
factor in fibrinogen formation. More will be said of this view further on. 

It remained for Meek (16) to demonstrate clearly a role for the liver in fibrinogen 
formation. This author proved that the substance is regenerated in the Eck 
fistula dog. But if ligation of the hepatic artery was practiced in addition and 
the occlusion of the portal vein made dose to the liver after formation of the Eck 
fistula, no regeneration whatever occurred. Indeed there followed a depletion 
of the amount already present in the blood. 

In a series of studies on fibrin metabolism in the dog, under normal and patho- 
logical conditions, Foster and HTiippIe (17-20) have recently brought further 
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evidence to show that the liver is the chief if not tlic sole source of fibrinogen 
formation, a %de\Y strengthened by the work of Schultz, Niclmlcs and Schaefer (21). 

From the foregoing it is dear that the studies of recent years have been con- 
verging upon the liver as the source of fibrinogen. But certain cogent objections 
have prevented a definite condusion in the matter, hfuch of the e\’idcnce for a 
liver origin of fibrinogen has been obtained by injuring the organ with chloroform, 
phosphorus or carbon tetra chloride. To accept this evidence one must assume 
that the drugs act only upon the liver, not elsewhere in the body. Williamson and 
Mann’s (22) observations upon hepatectomized animals have dearly shoum that 
this is not the case. 

It has seemed wise to us to study again the problem of fibrin re- 
generation in liverless animals not subjected to the effects of poisons 
and not suffering frorh circulatory obstruction to organs other than 
the liver (1). 

Fibrinogen Regeneration in the Normal Rabbit 

The span of life of the hepatectomized rabbit is short, on the aver- 
age 24 to 30 hours (1, 23). Before proceeding to studies on the liver- 
less animal it became necessary to estimate the rate and e.\1;ent of 
fibrinogen regeneration during such a period in the normal animal. 

Method . — Subtotal defibrination was carried out in the dassical manner in four 
normal rabbits of about 2 kilograms each. Under ether anesthesia, cannuJae were 
placed in the left carotid artery and jugular vein, and a sample of blood with- 
drawn for fibrin determination. A supplj' of blood roughly equivalent to the 
animal’s estimated blood volume, already obtained from donor rabbits, was de- 
fibrinated after cross agglutination tests had ensured its compatibility with that of 
the experimental animal. The defibrinated blood was slowly injected through 
the cannula inserted in the jugular vein while at the same time an equal volume 
of arterial blood was removed from the carotid. This, defibrinated in turn, was 
reinjected into the animal during the removal of another equivalent volume of 
blood. Five or six repetitions of the procedure reduced the circulating fibrinogen 
to less than 5 per cent of its original amount. Blood specimens taken at intervals 
thereafter and examined for fibrinogen content disclosed the rate of its regeneration. 

Using duplicate specimens, fibrinogen was estimated in the form of fibrin by the 
method of Foster and \^Tiipple (17), as modified by Schultz, Nicholes and Schaefer 
(21). To ensure the complete precipitation of fibrin by the presence of ample 
thrombin, controls were run, as routine, to which fresh serum had been added. 
These controls showed no increased amounts of fibrin. 

In normal rabbits fibrinogen regeneration was exceedingly rapid. 
Within five or six hours after a 90 per cent reduction of the substance 
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in the circulating blood a complete return to the previous amount was 
observed. Text-figs. 1 and 2 depict the findings in two of the four 
experiments. In the first one the blood fibrinogen had returned to 
the normal amount in less than 4 hours after total defibrination and 
20 hours later had exceeded this by approximately 50 per cent. In 
the second instance a slightly less pronounced rise in blood fibrinogen 
during the first 5 hours was followed by a progressive increase to more 
than the normal amount in 21 hours and to double the original amoimt 



by the second day. The findings in the remaining two experiments 
were comparable to these in every way. 


Injluence of the Absence of the Liver on Fibrinogen Regeneration 

The findings were wholly different in the Uverless rabbit. Instead 
of a rapid fibrinogen regeneration, after partial defibrination, a speedy 
decrease in the small amount still remaining was the invariable rule. 


Under ether anesthesia 10 rabbits of about 2 kilos body weight were subjected to 
a modified Markowitz operation (24) for inducing a coUateral circulation about the 
hver, as already described by one of us (1). For two months thereafter they were 

they thrived, as evidenced by a gain in body 
weight. Then, after a fast of 48-72 hours, hepatectomy (1) was performed under 
ether and cannulae were placed in the left carotid artery and jugular vein. 
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In all the experiments blood specimens were drawn from the cannula placed 
in the carotid arterj'- fO-I5 minutes after hcpatcctom^^ Partial defibrination 
of the circulating blood was next accomplished by the method described in the 
experiments on normal animals, save that it was not carried quite do far. The 
procedure accomplished a reduction of appro.ximately 50-70 per cent of the cir- 
culating fibrinogen. Ten to fifteen minutes after completion of the partial de- 
fibrination another blood specimen was invariably taken. Further specimens 
were obtained at various time intervals in the different instances, as tlie charts 



T//C Rapid Rate of Fibrinogen Regeneration in the Normal Rabbit 

Text-figures 1 and 2 depict the rate of fibrinogen regeneration in the normal- 
rabbit after almost complete defibrination of the circulating blood, as described 
in the text. It was exceedingly rapid. The line represents the concentration 
of fibrinogen in the blood after defibrination; the dark columns indicate the volume 
per cent of red blood cells in whole blood. 

show, and the fibrin determinations carried out as in the preceding e.xperiments. 
In the specimens taken after defibrination, controls were again run to which 
serum was added to make up for a possible thrombin lack. This addition did not 
appreciably increase the amount of fibrin clot obtained, showing that the fall in 
blood fibrinogen encountered was due to a lack of this protein and not to a fibrin 
ferment (thrombin) deficienc 3 ^ 

No evidences of fibrinogen regeneration appeared after hepatec- 
tomy in any of tlie experiments. Three typical examples, charted in 
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H3UPS ftjtcf dejibrination 

Text-Fig. 3 

Failure of Fibrinogen Regeneralion in the Bepaleclonised Rabbit 

In Test-figures 3, 4 and 5 are charted the changes in blood fibrinogen of hepa- 
tectomized rabbits after partial defibrination of the circulating blood. The 
curves, which are fully discussed in the text, demonstrate the failure of fibrinogen 
regeneration in the liverless rabbit. 


Iwioa 0 ) ocjitnnation 
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Text-figs. 3 to 5, show this fact well. Not only was there no rapid new 
formation of fibrinogen, such as occurs in the normal rabbit, but a 
swift fall in the amount of the substance in the blood signified a rapid 
utilization of the fibrinogen remaining in the organism. 

The curves plotted in the text-figures differ in some details but 
the general findings are the same, and tlie variations can be safely 
attributed to the different time intervi'als at which blood specimens 
were taken. 



Blood Fibrinogen after Partial Defibrination in the Liverless Rabbit 

In the experiment plotted in Text-fig. 3, the fibrinogen content of 
the blood apparently decreased progressively, for a third specimen 
taken 5 hours after defibrination showed slightly less fibrin than tlie 
preceding one, and a fourth removed 16 hours later contained but half 
as much. In later experiments blood specimens taken at shorter 
intervals after defibrination showed a transient rise in the quantity in 
the blood, a phenomenon indicative of a fibrin reserve witliin the body 
as already noted by Foster and Whipple (20). The rapidit}’’ with 
which this occurred (Text-fig. 4) suggested an inflow of the substance 
with the Ijonph, In this experiment the third blood sample was ob- 
tained 35 minutes after the second, and a fourth an hour later. The 
fourth contained less fibrinogen tlian the third and each subsequent 
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blood specimen contained progressively less. Three similar experi- 
ments not plotted in the text-figures yielded like findings, no increase 
in fibrinogen being observed in the blood of hepatectomized rabbits 
later than 45 minutes after defibrination, that is to say after a transi- 
ent rise. It is to be noted in Text-fig. 4 that the conpentration of blood 
fibrinogen 5 hours after defibrination was still slightly above the 
figure obtained immediately following this procedure, that is to say in 
the second blood specimen. In Text-fig. 5 the plotted findings of 


TABLE I 


Blooi Fibrinogen Content and Percentage of Red Blood Cells in Rabbii’s 
Blood before and after Hepateclomy 


No. 

Preopcrativc 

Postoperative 

Hoars after 
operatioix 


' Fibrinogen, 

1 nts. per cent 

1 Volume per cent 
of red blood cells 

1 in vhole blood 

Fibrinogen, 
mgs, per uni 

Volume Per cent 
of red blood cells 
in vhole blood 


1 

380 

33 

130 

i 31 

30 

2 

408 

32 

156 

34 ! 

27 

3 

447 1 

36 

222 

33 1 

27 

4 

345 

34 

201 

33 

24 

5 

262 

30 

115 

32 

16 

6 

426 ' 

30 

282 

28 

15 

7 

310 

35 

171 

34 

15 



Control Experiment. Ablation of 70 Per Cent of the Liver 


1 

246 ] 

34 , 239 j 35 


24 


another experiment show the amount of fibrinogen in the fourth blood 
specimen, taken 5 hours after defibrination, to be distinctly less than 
in the second specimen which was removed a few minutes after de- 
fibrination. Such an experiment, without the determination shortly 
after hepatectomy, would have yielded a curve like that given in 
Text-fig. 3. 

The investigation of the source of the fibrinogen reserve has not 
been attempted. Unfortunately fibrin determinations require so 
much plasma that frequent sampling is precluded and one is unable to 
follow at short intervals the changes in concentration of this substance 
in the blood of any one animal. 
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Blood Fibrinogen after Hepatcctomy laithout Defibrination 

In seven hepatectomized rabbits, which were employed for other 
experiments which involved no other complicating factors, the blood 
fibrinogen was estimated prior to removal of the liver and again 15-30 
hours later. The results summarized in Table I are consistent. In 
the absence of the liver the fibrinogen concentration of tlie circulating 
blood rapidly decreased in all these animals while the hematocrit 
readings showed no significant changes. The findings are included 
here as further evidence not only of the lack of fibrinogen regeneration 
in the hepatectomized organism but of its destruction. 

In a single experiment, also summarized in Table I, blood fibrinogen 
estimations were made before removal of 70 per cent of tlie liA’’er of a 
rabbit and again 24 hours afterwards. As is well known, this pro- 
cedure fails to induce clinical signs of liver insufiiciency in the rabbit 
(25, 26). The blood fibrinogen showed no decrease. 

DISCUSSION 

It is certain from our results that the liver is absolutely essential to 
the maintenance of the normal quantity of fibrinogen in the blood. 
But is the liver the only source of fibrinogen? This question has 
not been answered by these ex-periments, for they do not preclude the 
possibility of an inconsiderable extra hepatic formation of fibrinogen, 
one wholly insufficient to make up for its destruction in the course of 
normal events. An enormous over production of fibrinogen took place 
in the normal animals stimulated to regeneration of the substance by 
defibrination of the blood. Surely a similar activity should have been 
observed in liverless rabbits after defibrination had there been any 
other important source of fibrinogen besides the liver. And any 
considerable compensation should have prevented the speedy de- 
crease of the substance in the blood. 

Theories of Extra-Hepatic Fibrin Formation 

In the past man}'’ theories of extra hepatic fibrin formation have 
been offered. A little will be said of tliese. 

The work of Mathews (11) and others (15) has tended to show an important 
activity of the intestinal tract in the origin of fibrinogen. At the present time 
it is e\’idcnt that the findings of these authors were due to functional derangement 
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of the liver and not to injurj' or removal of the intestine. The e.xperiments (11) 
had involved surgical interference with the blood supply of the intestinal tract, 
by ligations of the coeliac axis and of the superior and inferior mesenteric arteries. 
In addition ablation of segments of the intestine, or total e.xtirpation of the organ, 
was practiced. For example, in one e.xperiment (11) removal of the intestine from 
pylorus to rectum led to a pronounced fall in blood fibrinogen. In another ex- 
periment involving partial removal of the intestine in a cat, the stomach, pan- 
creas, spleen and a segment of small intestine were allowed to remain. The ani- 
mal, surxnving S hours, regenerated fibrin but only half as rapidly as the normal 
cat. Procedures such as these reduced the circulation through the liver 
considerably. 

The finding of fibrinogen in the blood of the mesenteric veins in greater con- 
centration than in the general circulation has repeatedly been stressed in the 
literature as evidence for an intestinal origin of the protein (2, 3, 4, 11). The 
figures presented by the advocates of this view show changes sufficiently small 
to be accounted for by alterations in the concentration of the blood. The findings 
lie well within the errors of the methods used. 

Miiller (9) working with infections in guinea pigs found an increase in the fibrino- 
gen content of the marrow in these animals and concluded that the marrow fur- 
nished this protein. In the light of more recent pathological knowledge these 
conclusions seem unwarranted. It is now well known from the work of Foster 
and Whipple and others (20, 11) that almost any infection or inflammation in the 
body leads to fibrinogen increase in the blood and accumulations of fibrin in 
various locations. Morawitz and Rehn (10) after withdrawing blood, defibrin- 
ating and reinjecting it into animals found myelocytic proliferation in the marrow 
and spleen and believed that this activity showed that fibrin deficiency was being 
made up in these regions. It is now recognized that red blood cells become frag- 
mented and partially hemolyzed by the process of removal and defibrination. 
The myelocytic proliferation may have been a secondary consequence of this 
destruction. 

One further point deserves mention. The experiments here de- 
scribed serve well to demonstrate the rapid rate of fibrinogen utiliza- 
tion, a phenomenon already emphasized by Foster and Whipple (19). 
It indicates an important function of the protein as yet unknown but 
worthy of investigation. As our experiments have indicated, ab- 
sence of the liver brings about a true fibrinogen lack but no deficiency 
in thrombin (fibrin ferment), for an excess of the latter when added to 
the blood gave rise to no further coagulum of fibrin. 

SUMMARY 

In hepatectonfized rabbits a progressive decrease in blood fibrino- 
gen occurs. Partial defibrination in the liverless rabbit invariably 
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results in a progressive decrease in blood fibrinogen preceded by a 
temporary and slight rise. No evidence has been secured of fibrino- 
gen regeneration in the absence of the liver. From tins it follows 
that tlie liver is the essential source of fibrinogen and in all probability 
the sole one. 


BIBLIOGRAPHY 

1. Druty, D. R., /. Rvp. Med., 1929, 49, 759. 

2. Bernard, C., 1848, cited b)' Dastre, A., Arc/i. Physiol, nonmlc ct paihologiqiie. 

1893, 5, Serie V, 327. 

3. Lehmann, J. praktische Chem., 1851, S3, 205. 

4. Brown-S6quard, C-£., J. Physiol, dc I’Hommc ct dcs Animanx, 1858, 1, 298. 

5. Dastre, A., Arch. Physiol, normalc ct pathologiquc, 1893, 5, Serie V, 661. 

6. Dastre, A., Arch. Physiol, normalc ct pathologiquc, 1893, 5, S6rie V, 327. 

7. Dastre, A., Arch. Physiol, normalc ct pathologiquc, 1893, S, Serie V, 628. 

8. Dastre, A., Arch. Physiol, normalc ct pathologiquc, 1893, 5, Serie V, 686. 

9. Muller, P. T., Bcitr. chem. Physiol, u. Path., 1905, 6, 454. 

10. Morawitz, P., and Rehn, E., Arch. exp. Path. n. Pharm., 1908, 58, 141. 

11. Mathews, A., Am. J. Physiol., 1899-1900, 3, 53. 

12. Doj^n, M., Compt. rend. Soc. biol., 1905, 58, 30. 

13. Doyon, M., Morel, A., and Kareff, N., Couipt. raid. Soc. biol., 1905, 58, 493. 

14. Whipple, G. H., and Hurswtz, S. H., J. Exp. Med., 1911, 13, 136. 

15. Goodpasture, E. W., Am. J. Physiol., 1914, 33, 70. 

16. Meek, W. J., Am. J. Physiol., 1912, 30, 161. 

17. Foster, D. P., and "Wlripple, G. H., /. Physiol., 1921-1922, 58, 365. 

18. Foster, D. P., and Whipple, G. H., Am. J. Physiol., 1921-1922, 58, 379. 

19. Foster, D. P., and mipple, G. H., Am. J. Physiol., 1921-1922, 58, 393. 

20. Foster, D. P., and "Whipple, G. H., Am. J. Physiol., 1921-1922, 58, 407. 

21. Schultz, E. W., Nicholes, J. K., and Schaefer, J. H., Am. J. Path., 1925, 1, 101. 

22. Williamson, C. S., and Mann, F. C., A7n. J. Physiol., 1923, 65, 267. 

23. Drury, D. R., and McMaster, P. D., J. Exp. Med., 1929, 49, 765. 

24. Markowitz, J., and Soskin, S., Proc. Soc. Exp. Biol, and Med., 1927-1928, 

25, 7. 

25. McMaster, P. D., and Drury, D. R., J. Exp. Med., 1929, 49, 745. 

26. Mann, F. C., Medicine, 1927, 6, 419, 



STUDIES ON BIMUNOLOGICAL RELATIONSHIPS AMONG 
THE PNEUMOCOCCI 


rv. Active Immunization of Mice against Type II Pneumococci 
BY Vaccination with Yeast 

By JOHN Y. SUGG, LURLINE V. RICHARDSON, and JAMES M. NEILL, Pn.D. 

(From the Department of Bacteriology and Immunology, Vanderbilt University 
Medical School, Nashville, Tennessee) 

(Received for publication, July 15, 1929) 

Previous evidence (1) of immunological relationship between a 
variety of Saccharomyces ceremsiae and the Type II Pneumococcus 
consisted in the inter-reactions of the yeast and the bacteria in the 
antisera produced by immunization of rabbits with the two different 
microorganisms. This paper reports the active immunization of mice 
against Type II pneumococci by vaccination with yeast. 

A group of mice were vaccinated with heated suspensions of yeast 
cells, and tested for active immunity by subsequent injection of vim- 
lent Type II Pneumococcus. Because of the known (2) irregularity 
in the active immunity responses of individual mice to homologous 
vaccination with Type II pneumococci, it seemed best to base the 
immunity tests of the yeast-vaccinated mice upon the percentage of 
animals surviving the test injection of a uniform dose of the Type H 
bacteria. In order to show that the protection afforded by vaccina- 
tion with the yeast was not non-spedfic, groups of yeast-vaccinated 
mice were tested against comparable doses of Types I and III, as well 
as against Tjpe II pneumococci. 

EXPERIMENTAL 

Methods: A group of 100 white mice of approximately the same age and weight 
were injected subcutaneously at 2 day intervals with O.S cc. of a 0.1 per cent, 
suspension of the dried yeast cells (boiled 5 minutes); after 12 subcutaneous in- 
jections and a rest of 3 days, two intraperitoneal injections were given. The 
active immumty tests were made on the 92 surviving mice 12 days after the last 
immunization injection. 
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The ycast-vacciriiitcd animals were divided into three groups: 57 to be tested 
against Type II pneumococci, 20 against Tj’-pc I, and 15 against Type III pneu- 
mococci. A uniform dosage of 100 times the minimum required for death of 
normal mice was employed for the tests with tlie three tjqies of pneumococci. 
The quantitative sufficiency of the test doses was controlled by injecting groups 
of normal mice with each culture. The test strains were highly virulent for mice; 
the cultures used were inoculated directly from the heart’s blood of mice. The 
results are presented in Table I. 

The results (Table I) showed that 20 of 57, or 34 per cent of the 
mice vaccinated witli yeast were protected against subsequent in- 
fection with 100 lethal doses of virulent Type II pneumococci. The 
uniform deaths in the control group of non-vaccinated mice proved 
that the infection test dose was sufficient to eliminate any irregularities 


TABLE I 

Specificity of the Protection of Mice against Type II Pneumococcus by 
Vaccination with Yeast 


Tests against 

Vaccinated mice 

1 


Normal mice 


different types of 
pneumococcus 



Percentage 
of animals 
protected 

Number 
of animals 
tested 

Number 

survived 

Percentage 
of animals 
survived 

Type II 

57 

20 

per cent 

34 

n 

0 1 

per cent 

0 

Type I 

20 

0 

0 


0 j 

0 

Type III 

15 1 

0 

0 

mBm 

0 j 

0 


due to the possible occurrence of individual mice possessing unusual 
natural immunity against the Type II bacteria. Hence, tlie vac- 
cinated mice that survived can be considered to have acquired their 
immunity against Type II pneumococci by virtue of their vaccination 
Avith yeast. Active immunity against Type II pneumococci is not 
easily obtained by mice even when vaccinated with the pneumococa 
themselves; and it is interesting to note that the percentage of in- 
dividual mice that obtained anti-Type II immunity in response to the 
yeast vaccination is about the same as the percentage of mice that 
obtain immunity in response to homologous vaccination with the 
Type II bacteria (2). The uniform death of the yeast- vaccinated 
mice tested against Types I and III pneumococci is important evi- 
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dence that the protection conferred by the yeast vaccination was 
specific to the Type II Pneumococcus. 

COMMENT 

The described protection of mice indicates that these animals 
respond to yeast antigen with production of antibodies specifically 
reactive with Type II pneumococci. It had been shown (1) that 
rabbits can respond to the same yeast antigen with production of 
antibodies that agglutinate Type II bacterial cells, precipitate Type 
n culture filtrates, and confer passive protection against Type II 
infection; the more responsive rabbits yielding sera comparable in 
anti-Type II potency to the antisera produced by immunization with 
the Type II bacterial cells themselves. In another study (3) it was 
found that the relative antigenic effectiveness of two related strains 
of pneumococci differed in different species of animals. The present 
report therefore, is of interest as evidence that the immunological 
relationship between the yeast and Type II pneumococci causes mice, 
as well as rabbits, to respond to yeast antigen with production of 
antibodies specifically reactive with the Type 11 variety of 
Pneumococcus. 


SUMMARY 

Mice vaccinated with yeast were protected against subsequent 
infection with Type II pneumococci, but not against Types I or III. 
While the protection was not universal, as high a percentage of mice 
acquired active anti-Type II immunity, as was obtained by vaccina- 
tion of another group of mice with Tjqie II pneumococci themselves. 
This specific protection of mice by active immunization with the yeast 
antigen, is probably due to the same immunological relationship 
responsible for the anti-Type 11 reactivity of the antisera of rabbits 
immunized with yeast antigen. 
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lOTECnVITY OF BLOOD DURING THE COURSE OF 
EXPERIMENTAL YELLOW FEVER 

By N. PAUL HUDSON, M.D., aot CORNELroS B. PHILIP 

(From the West African Yellow Fever Commission, International Health Division 
of the Rocktfeller Foundation, Lagos, Nigeria) 

(Received for publication, May 18, 1929) 

A problem of importance in the study and control of yellow fever 
is the period during which a patient may be a source of infection 
through the bites of mosquitoes. 

Work on this question was initiated by members of the American Commission 
in Cuba (Reed, Carroll, Agramonte and Lazear (1)) who carried the disease from 
person to person by Aedes aegypli which originally became engorged on the first 
to third days of a patient’s illness. Similarly, the French Commission in BrazE 
(Marchoux, Salimbeni and Simond (2) and Marchoux and Simond (3)) found 
that yellow fever could be transmitted to volunteers by mosquitoes fed on the 
first, second and third daj’s of disease and by blood or serum from a patient in 
the same period. More recently, several workers have been able to study the 
question of blood infectivity in human cases by the use of Macacus rhesus as the 
experimental host. Bauer and Hudson (4) report that a lot of A. aegypti fed on 
a human case 12 hours after onset of illness transmitted yellow fever to monkeys, 
while a lot fed 36 hours after onset and the same period before death faded to 
transmit it, although blood coincidentally withdrawn and ^injected into another 
monkey induced a fatal attack. Mathis, Sellards and Laigret (S) infected 
monkeys by means of the bites of mosquitoes which had been fed upon a patient 
at the end of the first day of acute illness, and also by the injection of blood 
withdrawn at the same time. Aragao (6) records the results of injecting monkeys 
with patients’ blood during the recent epidemic in Rio de Janeiro. He was 
able to infect animals fatally with blood procured at various times up to 72 hours 
after the be^nning of illness, but not later; nor could he transmit the disease 
by the inoculation of blood and organ emulsions obtained at necropsy. 

The foregoing observations indicate a general agreement on the 
infectivity of blood in human cases during the first three days of 
illness. VTiether the virus is in the circulating blood before the onset 
of fever has been, of necessity, less readily determined. Marchoux 
and Simond (3) report that in human beings their attempts to transmit 
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the virus by means of mosquitoes fed during the incubation period 
of yellow fever were unsuccessful. Kuczynski (7) has recently stated 
that the virus does not circulate in the blood during the incubation 
period, either in mail or monkey. 

The cardinal features of the human disease arc reproduced in 
Macacus rhesus. With the purpose of throwing further light on the 
nature of the disease and the behavior of the virus, we have attempted 
to repeat and enlarge upon the experiments just referred to. Other 

TABLE I 


The Temperature Record of Monkeys after Infecting 


Days 
after moc- 

Ifonkcy A 

Monkey B 

Monkey C 

Monkey D 

Monkey E 

ulation 

A.M. 

FM. 

A.M. 

P.M. 

A.M. 

P,.M. 

A.M. 

P.M. 

A.M. 

P.M. 

1 

103.5 

103.5 

102.8 

101.8 

102.8 

102.8 

102.1 

101.9 

103.1 

103.1 

2 

105.5 

105.5 

102.2 

102.2 

102.0 

102.6 

102.3 

103.1 

102.2 

102.5 

3 

104.9 

105.9 

102.0 

105.1 

102.0 

103.6 

104,3 

103.8 

104.1 

104.2 




1 

1 

1 

1 



Dead 



4 

101.6 

103.9 

102.9 

105.4 

103.5 

103.6 

1 


104.2 

104.3 

5 

99.2 

103.8 

98.9 

101.8 

101.9 

103.8 



99.8 

102.9 








1 



Dead 

6 

103.1 

104.9 

102.0 

102.2 

102.5 

103.3 







Dead 




1 


1 


! 

7 



103.7 

104.8 

102.4 

103.7 





8 



102.0 

104.5 

104.9 

105.1 









Dead 







9 





105.4 

105.1 





10 





96.9 

95.0 







1 


1 

1 


Dead 






advantages to be derived from these experiments are in connection 
with such laboratory procedures as the transmission of disease, 
maintenance of strains and, possibly, the preparation of “vaccines.” 

Five monkeys were infected with the Asibi strain of yellow fever, 
three by the bites of A. aegypli and two by the injection of monkey 
blood-virus. Attempts were made to transmit the virus from these 
animals at 24-hour intervals from the time of inoculation until deatli, 
by exposing them to batches of A . aegypli and by the injection of blood 
directly into other monkej'^s. In two instances, the same procedures 
were followed at the end of the first 12 hours as well. After appro- 
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?riatc periods, llic mosquitoes were allowed to bite normal monkeys 
Lo test their infcctivity. 

The results are summarized in charts which plot also the highest 
Jaily temperatures of each animal; these readings, with only four 
exceptions, are the afternoon records. The morning and afternoon 
temperatures are tabulated in Table 1. 

EXPERIMENTATION 

if. rhesus A was injected with blood-wrus, and on the second and third days 
after inoculation showed a marked febrile reaction. On the following two days, 
the temperature dropped. A terminal rise occurred on the day of death which 
was the sktli after inoculation. Each day and immediately postmortem, 
mosquitoes were fed on this animal and 0.5 cc. and 0.05 cc. blood were injected 
directly into other monkeys. The necropsy findings in A were typical of experi- 
mental yellow fever. 

The temperature curve and results of attempts at transmission of disease are 
presented in Chart 1. This animal proved infective for mosquitoes fed from 24 
to 96 hours after inoculation, but subsequent feedings gave negative results. 
Eleven of the twelve insects originally exposed at the first 24-hour interval failed 
to produce disease in a test animal 13 days after their original feed, but the same 
animal died when bitten 11 days later by 9 of these insects. A threatening 
epidemic in the next lot, fed at the febrile onset, necessitated exposure of the 
test animal on both the eleventh and fourteenth days after the original engorge- 
ment. It is interesting to note that one insect of this lot later caused fatal 
yellow fever by merely plunging its proboscis through the skin of a test rhesus, 
apparently without obtaining blood. Epidemics among the mosquitoes during 
the study of this and the following monkey necessitated varied and somewhat 
short periods of incubation in the insects to obtain a maximum longevity and 
number of bites. When the monkey was exposed to mosquitoes just postmortem, 
its peripheral circulation was so impaired that only one insect became engorged 
by feeding on a dependent part of the body. 

Fatal attacks were caused by both doses of blood (0.5 cc. and 0.05 cc.) drawn 
on the first to fourth days, inclusive, after inoculation. Only the smaller amount 
on the fifth day induced fatal disease. On the day of death and at necropsy, 
the subinoculations were negative except for febrile reactions in three of the 
four monkeys. 

M. rhesus B was infected by the bites of 9 .4. aegypli and ran a typical course 
with death occurring on the eighth day. After 2 days of incubation, the animal 
registered 2 days of fever, followed by 2 days of ‘low temperature and finally by 
the same period of thermal elevation. Each day and at the point of death, the 
monkey was exposed to separate batches of mosquitoes and 0.5 cc. and 0.05 cc. 
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blood were subinoculated direct!}' into otlier animals. The animal died of yellow 
fever, displa3dng the usual pathologic lesions. 

Chart 2 outlines the results of attempts to transmit the disease, in relation to 
the temperature and course. Mosquitoes fed on the second to fifth days trans- 
mitted yellow fever by bite to test animals. The lots fed the days before and 
after the febrile period failed to induce infection after 13 and 10 da}’s incubation, 
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Chart 1. M. rhesus A 


respectively, but killed the same test animals when fed at 25 and 20 days. The 
two lots fed during fever transmitted the disease by bite at their first tests, 12 
and 10 days after the original infective feed. 

At the 24-hour interval after infecting, fatal results were obtained by the 
subinoculation of 0.5 cc. and not of 0.05 cc. From the second to the seventh day, 
inclusive, both doses successfully transmitted the disease. At necropsy, the 
smaller, and not the larger dose, was fatal. 
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M. rhesus C was bitten by 2 yl. aegypli of an infective lot. The course of 
disease was quite different from the two preceding monkeys, and yet a course 
often seen in experimental yellow fever. After 2 days of incubation, the tem- 
perature rose to 103.6° to 103.8° on the third to fifth days, followed by a slight 
drop (103.3° and 103.7°) on the next 2 days. On the eighth and ninth days, 
the monkey registered temperatures above 105° and on the tenth went into 
collapse and died. A. aegypli were fed and subinoculations v.'ere made daily, as 



Chaht 2. M. rhesus B 


in the case of the previous monkeys, death occurring just after the last exposure 
to mosquitoes. The necropsy findings were typical of yellow fever in the monkey. 

Chart 3 gives the daily temperature after infecting, as well as for the six pre- 
ceding days, and the results of attempts at transmission. It is seen that the 
mosquito lots fed on the second to sLxth days acquired infectivity. All of these 
lots were given a testing feed at 10, and 13 days after their original engorgement 
and if negative, subsequently at varying intervals. The third-day. lot, only. 
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transnutted the disease at 10 days and the fourth and fifth at 13 days. Piye, 10 
and 6 insects of the 22 originally engorging on the second day, failed to infect 
test animals after 10. 13 and 34 days, but 10 of these insects induced fatal yellow 
fever 25 days after their infecting feed. The sixth-day lot failed to transmit by 
bite at 10, 13 and 24 days but later produced fatal disease when killed and in- 
jected, the number of specimens involved being 15, 9, 10 and 10, respectively. 
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Chart 4. M. rhesus D 


Only the larger subinoculated dose of blood (0.5 ca) was fatal on the first 
2 days after infecting. From the third to the sixth day both doses transmitted 
the disease fatall 3 ' and on the seventh day, both amounts failed to kill. The 
two subinoculated ardmals died from the injections of the eighth day, and the 
monkey injected with the larger dose on the ninth day succumbed. Blood drawn 
at death was not fatal in either test animal. 

M. rhesus D was infected b)’’ inoculation with monkey blood-virus. The 
course of the disease was fulminating, the animal dying with tj’pical pathologic 
findings 82 hours after inoculation. Fever was registered onl^’^ late in the course. 











590 


INPECTIVITY OF BLOOD DURING YELLOW FEVER 


Transmissions were attempted with mosquitoes and blood at the end of 12 hours, 
as well as at the usual 24-hour periods. 

Chart 4 presents the results in relation to the temperature record of the monkey 
studied. It will be noted that all lots of insects picked up the virus at each 24- 
hour feeding, tlie last being 10 hours before death. Transmission with the first 
lot was accomplished only by the injection of macerated insects; the injected 
monkey recovered, but a subinoculatcd animal died of yellow fever. By feeding 
33 insects of the 24-hour batcli after 13 days incubation, the disease was fatally 
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Chart 5. 3f. rhesus E 


transmitted, the 10 and 16-day tests, in which 34 and 31 mosquitoes, respectively, 
were used, being failures. The 48-hour lot induced infection at tlie 13-day test, 
but failed at 10 days, the latter animal later proving insusceptible to virulent 
material. The lots fed on this and the following monkey were manipulated so 
that by segregation of the insects engorging at the first test-feed, subsequent 
feeds by previousl}'- tested insects were insured. 

All blood subinoculations were fatal, emplo 3 'ing 1 cc. and 0.5 cc. doses at the 
end of the first 12 hours and 0.5 cc. and 0.05 cc. at the 24-hour intervals. 
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M. rhesus E was iafected by the engorgement ol 5 A. aegypti and displayed the 
usual course of experimental yellow fever and typical postmortem findings. , 
On the third and fourth days after infecting, the temperature was the highest 
(104.3°), preceded by a two-day incubation period and followed by a lov/ered 
temperature on the day of death. As with M. rhesus D, blood subinoculations 
were made at the end of the first 12 hours as well as at the 24-hour intervals; 
batches of mosquitoes were fed, however, only at the regular one-day periods, 
the last engorgement occurring 9 hours before death. 

The results of the tests are recorded in Chart 5, together with the temperatures 
before and after infecting. All mosquito batches fed on this rhesus became 
infective with the exception of the first-day lot which failed to produce disease 
either by biting or injection. All tests after incubation periods of 10 or more 
days in the mosquitoes were successful, excepting the failure to produce disease 
by the fourth-day lot in an animal later shown to be insusceptible. The fifth- 
dav batch became infected 9 hoiurs before the death of the animal. 

Neither dose of blood subinoculated at the end of the first 12 hours induced 
fatal yellow fever, and 24 hours after infecting, only the larger amount (0.5 cc.) 
was lethal. Blood drawn the second day transmitted fatal disease in 0.5 cc. 
and 0.05 cc. On the following 2 days, corresponding to the febrile period, the 
larger dose was efiective. On the last day, 10 hours before death, 0.05 cc. trans- 
ferred the disease fatally, the monkey that received the larger dose showing a 
delayed fever and recovering. 


DISCUSSION 

In order to interpret the results of these experiments, it is desirable 
to consider the course of experimental yellow fever in M. rhesus. The 
interval from the time of inoculation until death we have called the 
course of disease in the experimental rather than in the clinical sense. 
Clinically, it is difficult to compare the period of symptoms in the 
monkey with that in man. In the monkey, malaise and loss of 
appetite do not usually begin until a day or so before death. Vomiting 
rarely occurs and only when the animal is moribimd. To determine 
the acute disease in r/ies«s monkeys; the urine findings and temperature 
records are alone available, but the examination of urine is not 
practical as a matter of routine. As regards temperature, various 
factors, such as a concurrent infection and excitement due to handling, 
may alter the reading. However, fairly reliable results are obtainable 
and records can usually be depended upon when the pre-inoculation 
temperature, the degree of apparent excitability and the presence of 
emaciation or diarrhea are taken into consideration. 
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For practical purposes, under the conditions existing in Nigeria, we 
have considered as fever a temperature of 104°F, or more, occurring 
after the expected period of incubation. Upon analysis of the records 
of 606 monkeys that died of yellow fever, only 3,8 per cent failed to 
reach this arbitrary limit and 1 per cent showed no registered rise, 
although it is possible that a brief thermal elevation may have occurred 
unrecorded. In considering an individual monkey, however, any 
appreciable rise may be significant. 

In the application of these experimental results to the problem of 
yellow fever in man, the temperature records and the final outcome 
may profitably be compared. The five monkeys presented courses 
varying in length and with different thermal cun^es, but all were 
witliin the variations commonly observed in the e.xperimental disease. 

It is obvious that the multiplication of the virus in the body of the 
susceptible animal is extremely rapid, subinoculations of blood at tlie 
end of the first day regularly causing fatal disease in other monkeys, 
the same results being obtained at the end of the first 12 hours in the 
only blood-infected monkey tested at so short an interval. By the 
use of even a more delicate intermediary, the mosquito, the virus was 
transferred from mosquito-infected monkeys by bite at the end of the 
second day and from blood-infected animals as early as 24 hours after 
infecting. Moreover, high fever was induced in a test animal injected 
with insects fed on M, rhesus D 12 hours after its inoculation with 
blood- virus,' although it recovered, a subinoculation during this fever 
resulted in fatal yellow fever in another rhesus. In considering these 
results in relation to the onset of fever, the virus proved by blood 
subinoculations to be in the circulating blood one and two days before 
fever. Of even greater interest is the fact that the virus was suffi- 
ciently highly concentrated for A. acgypti to become infective in 
every case on the day before the febrile onset. 

In view of this early massive invasion of the animal host by virus, 
it is not surprising that the blood infectivity should continue through 
the febrile period. This was found to be true when infection was 
caused by mosquitoes as well as by blood injections. The two 
monkeys that received the smaller amounts of blood from M. rhesus E 
during its fever are the only recoveries from tests during tliis period; 
since mosquitoes coincidentally fed became infective, these failures 
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were probably due to incidental relative insusceptibility of the 
injected animals. 

The thermal' curves varied among the rhesus after the primary 
febrile period and are comparable to the variation seen among human 
cases at the corresponding interval. In the rapidly fatal course of 
M. rhesus D, the virus persisted in high concentration and was carried 
bv blood and mosquitoes up to 10' hours'before death, which was the 
final period of test. The same results were obtained from M. rhesus E, 
even though death occurred 36 hours after the last registered fever, 
except that only the final smaller dose of blood (0.05 cc.) was fatal. 
In the other instances, death occurred on the sixth, eighth and tenth 
days and was preceded by terminal rises in temperature. The 
mosquitoes did not become infective from these animals during the 
latter days and blood subinoculations were variable in result. It 
appears that in courses of longer duration, the virus tends to disappear 
from the circulating blood before death. 

It should be noted that in the case of M. rhesus C, death of the 
animals did not result from the subinoculations of blood drawn the 
day before the terminal elevation in temperature, but on the two 
following days, blood caused fatal attacks in three monkeys. This is 
the only indication in these experiments of a possible reinvasion of the 
host by the virus coincident with a terminal fever. Of interest also 
is the fact that in three of the five monkeys on the last day of infec- 
tivity, only the smaller of the two doses used produced fatal infection. 
This occurred with material obtained in one case at necropsy, in 
another 9 hours before death and in a third instance 29 hours ante- 
mortem. Two explanations suggest themselves: either by chance the 
monkeys receiving the larger dose were relatively less susceptible, or 
at injection substances were transferred that protected the monkey 
or locally were inimical to the contained virus before the absorption 
of the larger amount of inoculum.* 

* Hindle in a paper that has just come to hand {Trans. Royal Soc. Trap. Med. 
and Eyg., 1929, 22, 405) makes the suggestion that “ — when large .quantities 
of infective blood are used, the injection of the serum containing immune 
bodies at the same time as the virus may help the animal to recover from in- 
fection." We may also refer to two rhesus in these experiments injected with 
blood taken on the ninth day from the monkey that had been inoculated with 
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The results presented here from animal experimentation agree wth 
those obtained by the study of human yellow fever in that the blood 
was found infectious and the virus transferable by mosquitoes for at 
least three days within the febrile period, except from M. rhesus D 
which died after the short interval of 82 hours after inoculation. They 
show also tliat infectivity for mosquitoes lasted longer than the initial 
rise in temperature and in two instances persisted to within a few 
hours of death. 

Of more importance is the fact, demonstrated by these experiments, 
that even before the onset of fever, the virus was of sufficient concen- 
tration to infect mosquitoes. M. rhesus has proved to duplicate the 
fundamental features (clinical, pathological and biochemical) of the 
human form of disease and tliere is reason to believe that the nature of 
the virus invasion is the same in man and monkey. If this is true, 
the results here obtained point to a better understanding of tlie condi- 
tion in man and indicate a rational basis of study of some phases of 
human yellow fever. A close inquiry into the movements of a hiunan 
case before onset of illness is suggested in order tliat his quarters 
might be freed of mosquitoes and the persons exposed detected and 
possibly treated with convalescent serum as a prophylactic measure 
(Bauer and Hudson (4)). Such precautions could be further extended 
to the careful observation and screening of previously exposed indi- 
viduals. West African natives have yellow fever in variable degrees 
of severity, from mild, almost unrecognizable attaclcs to less often 
severe and fatal illnesses. This being the case, malaise and prostration 
are less commonly met than in Western Hemisphere subjects and an 
African native may be up and about while having a fever. Applying 
to these conditions the evidence furnished by the experiments reported 
here, the African patient is probably a source of infection for mosqui- 
toes for one or more days before coming under the observation of those 
in charge of control work. 

It has been hoped that immune serum would be effective thera- 
peutically in human yellow fever. If this proves not to be the case, 

the first lot of mosquitoes fed on M. rhesus D (Chart 4). After e.xhibiting pro- 
longed incubation periods, the animal that had received 0.2 cc. blood suc- 
cumbed to yellow fever, wliile the other injected with 1 cc. had a febrile attack 
and recovered. 
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the explanation may be found in the fact that the virus appears to 
multiply with great rapidity, and invasion is early complete in the 
blood and perhaps in the tissues as well. Furthermore, in the study 
of material from monkeys killed on the first day of fever, we have 
regularly found, as has been reported by Aragao (6), that there is 
tissue damage in the form of marked fatty degeneration of the liver 
and sometimes of the heart musculature and beginning necrobiosis 
of hepatic parenchymal cells. Occasionally, also, albumin and.casts 
are present in urine on the first day of fever, in the monkey as well 
as in man. 

It has long been supposed that human necropsy material is non- 
infectious and we have met no record of fatalities attributable to 
postmortem examinations of yellow fever cases. Aragao (6) obtained 
negative results by injection of monkeys uith necropsy blood and 
tissue emulsions. These observations point to a difference in the 
persistence ot the virus in man and monkey since rhesus postmortem 
blood and tissues are often infectious. 

By these tests we have attempted to gain information on the nature 
and activity of the virus. The fact that the blood was fatally infec- 
tious as early as 12 hours after infecting up to death indicates simple 
multiplication of blood-virus rather than phases of development in 
the sense of metamorphosis. On the other hand-, it does not explain 
the period of incubation necessary for the mosquito to become infec- 
tive, whether by a cycle of development, multiplication, or penetra- 
tion to the cephalic region. Bauer and Hudson (8) have shown by 
the injection of macerated mosquitoes that the virus is in an infective 
state throughout the incubation period in the insect. If, as seems 
unlikely, there is a change in morphology of either the mosquito-virus 
or blood-virus, each stage is infectious and the pathology and course 
of disease induced are the same as obtained under the usual conditions 
of virus transfer. 

In connection with mosquito transmission, some features seem 
worthy of particular mention. Test feedings of lots of mosquitoes 
originally fed on monkeys A and B were made after varying periods of 
incubation, in several cases owing to rapid enfeeblement among the 
small number of insects. Particularly in tests of lots from M. rhesus B 
were there suggestions that the shortness of the incubation period 
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might be roughly proportional to the virus concentration in the donor 
animal. Those insects led during the 2 days of fever transmitted the 
virus after 12 and 10 days, respectively, whereas the mosquitoes fed 
the days before and after fever failed at 13 and 10 days; and the 
latter lots tested on the same monlce 3 's later induced fatal yellow fever. 
This idea seemed corroborated when studied systematicallj’' through- 
out the infective period of the course in M. rhesus C by test-feeding 
after 10 and 13 days incubation. The only lot transmitting at the 
shorter period was that fed at the initiation of fever on the third day 
after infecting the donor animal. The reasons for the failures of the 
infective lots originally fed on the second and sixth daj^s are not 
apparent but it seems probable that only a small proportion of the 
mosquitoes were able to acquire an infection because of the low con- 
centration of the virus at these times. 

The rapidity of the courses in monkeys D and E did not allow for 
much illumination on these points. Wliile insects fed at the height 
of registered fever in the former were the only ones transmitting the 
disease at 10 days, all but one of the infective lots fed on M. rhesus E 
transmitted at this period. It is remarkable tliat all infective lots 
fed on this animal, ndth the one exception, fatalty transmitted the 
disease after 10 days irrespective of the time of original feeding. It 
is possible that feeding these lots after even shorter periods might 
have shown the same difference in rapidity to become infective as 
demonstrated in the previous experiments, especially since the mean 
atmospheric temperature (85.3®F.) was 10 degrees higher during the 
incubation periods than that for the first two series and 5 degrees 
above the mean during the incubations of the lots fed on M. rhesus C. 

The failures of transmission by lots fed on the fourth day on mon- 
keys C and E at the 10-day tests (see Charts 3 and 5), and on the first 
and second days on M. rhesus D at the 10 and 16-day tests, respec- 
tively (see Chart 4), are explained by the insusceptibility of the tested 
monkeys, as shown by later resistance to known virulent material. 
It should be noted here that all tests in these laboratories to date, 
using infected A . aegypli after 9, 10 and 11, as well as the accepted 12 
days of incubation, have been positive in a total of 20 susceptible 
rhesus when the insects were originally fed at least during the fe- 
brile period. 
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The scope of the present study could hardly include more than a 
brief series of tests regarding the relation of the incubation in the 
insect host to the virus content of the donor animals. Evidence in 
three of the five groups of mosquito lots studied appears to indicate 
that when fed before or after the febrile period, there is not only a 
reduced proportion of infective mosquitoes of each lot, but an increased 
period required for the insects to become infective by bite. It is 
probable that the incubation periods in the insect host will be found 
to be influenced by temperature, but variations in transmission among 
the lots of any one series in the present experiments are not attributable 
to this factor. The greatest difference in the temperature means 
computed on a 2-hourly basis for the various lots was only 1.5 degrees. 

Certain quantitative considerations in regard to the virus are 
brought out in several phases of these experiments. The animals 
injected with blood-virus showed a more rapidly fatal course here than 
did those infected by the bite of mosquitoes — a fact which has been 
observed in a large number of other tests. Similarly, blood subinocu- 
lations transferred the virus earlier and later in the course of disease, 
than did the insect host. The monkeys subinjected with blood died 
after varying intervals, but upon analysis it was found that in general 
the number of days before death depended upon the stage of the 
disease of the donor animal. The shortest average intervals (5 .3 days) 
was shown by the 20 monkeys injected with blood of the febrile 
period, the next longer interval (6.5 days) by the 14 that received blood 
of the incubation period, and the longest (8 days) by the 16 inoculated 
with post-febrile blood. We have not found in other experiments 
that lethal doses of blood induce intervals before death depending in 
length on the size of the inoculmn, except rarely when the minimal 
lethal dose is approached. "WTren the result of the larger dose was 
compared with that of the smaller dose in these tests, the average 
intervals before death were the same, 6 days, in 27 and 23 monkeys 
in each group, respectively. We conclude, therefore, that quantita live 
factors did not control the time-result of injections of blood drawn 
during the periods of disease. It appears, rather, that the results 
depended on the “activity” of the virus or its ability to establish 
itself in the subinoculated animals, which was contingent on the stage 
of disease in which the virus was taken. The same considerations in 
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connection with mosquito transfers of virus did not reveal any relation 
between the number of mosquitoes 'or time of original feeding and the 
character of the course in the test animals. 

These experiments suggest assistance in following certain laboratory 
procedures connected w’ith the study of yellow fever. For transfer 
of virus, blood may be drawn with the expectation of a positive result 
over a wider period than for the transfer by mosquitoes. Small 
amounts are preferable to massive doses late in the disease. Mos- 
quitoes appear to become infective by feeding throughout the febrile 
period. The proportion of an insect batch that pidcs up the virus 
at other times is probably low. We have not compared the titration 
of blood-virus and tissue-virus throughout the course of disease, but 
if the height of virus content of tissues corresponds with that of the 
blood, the optimum time for the preparation of tissue vaccine seems 
to be in the febrile period. If serum-virus is used for making vaccine, 
which has been found ex*perimentally effective (Klotz and Hudson, 
unpublished), blood dratvn during fever is undoubtedly desirable. 

.SUMMARY 

Five M. rhesus fatally infected with yellow fever virus ran A^aried 
and typical courses, death occurring from 82 hours to 10 days after 
infecting. Batches of A . acgypli were fed dail}'' on each monkey and 
specimens of blood injected into other anhnals. By mosquito transfer, 
the virus was found to be circulating in the peripheral blood 1 or 2 
days after the infecting and the same interval before the onset of 
fever; in one instance, mosquitoes became infectious by feeding on a 
monkey 12 hours after its inoculation. Mosquitoes continued to . 
acquire infectivity during the febrile period and for 1 day thereafter, 
ex'cept in one instance .when death occurred during fever which pre- 
vented post-febrile testing. By subinoculation of blood, the disease 
was transferred before and after, as well as during the same inten^al 
as in mosquito transmission. In one of two attempts, tlie virus was 
carried by this means as early as 12 hours after the donor animal was 
infected. Following the first daj'' of tlie post-febrile period, blood 
transmissions were irregularly fatal beyond the period infectiA^’e 
for mosquitoes. 

These results point to a remarkably rapid multiplication of the virus 
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in the animal host, in one case a blood subinocnlation (0.5 cc.) being 
successful at the first test 24 hours after the donor monkey was bitten 
by only 2 A. aegypti. The regular acquisition of infectivity by 
mosquitoes fed during the incubation period is of especial interest in 
indicating the infectivity of human cases for mosquitoes before the 
appearance of clinical symptoms. This offers one explanation for 
the insidious propagation of epidemics of yellow fever and should be 
useful in the institution of control activities during an outbreak of 
this disease. 

We wish to express our gratitude to Dr. Henry Beeuwkes, Director, 
for giving us helpful suggestions and for placing at our disposal all 
materials necessary for these experiments. 
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A -well known peculiarity of the kidneys of “winter frogs” has been 
recently emphasized by Hober (1) in his studies of renal function by 
the method of perfusion. During the months of October, November, 
December, and January, he finds it often difficult to obtain a proper 
response by the kidney. This is most noticeable in the excretion of 
water, some kidneys forming no urine at all in spite of copious and long 
continued perfusion of both the glomerular and tubular circulations. 
The only explanation of this phenomenon we have been able to find 
that is based on experimental data, is that offered by De Haan and 
Bakker (2). They have observed that winter frogs show a definite 
decrease in their ability to excrete dyes. Fluorescene, a readily 
diffusible dye which is ordinarily excreted completely in one day, is 
not eliminated by the winter frog in several days. In the summer 
frog this substance is found in the urine in a concentration two or 
three times that of the blood, while in the winter animal the concen- 
tration in the urine is often less than that of the blood. Trypan blue, 
a less diffusible dye, is found in the urine only in a very dilute state. 
These observations are interpreted as being due to an increased 
density of the glomerular membrane which prevents their filtration 
and consequent appearance in the urine. 

In the course of a study on experimental nephritis in frogs made by 
the method of perfusion, we have come in contact with this problem 
and as certain of our experiments would seem to offer another ex- 
planation of these peculiarities in the behamor of the winter kidney, 
they are here reported. 

* This investigation has been made with the assistance of a grant from the 
Committee on Therapeutic Research, Council of Pharmacology and Chemistry, 
American Medical Association. 
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Methods 

All of the experiments described were done during the months of December, 
January, and Febniary. The frogs, R. catesbiana, averaging 850 grams in 
weight, were obtained from Louisiana. Here the animals hibernate interrait- 
tantly from about December 1st to April 1st, as during this period two or three 
light freezes and several frosts may occur. These cold spells were particularly 
severe during this last winter, (1928-1929) and it was on frogs collected in this 
period that our e.xperiments were done. On arrival at the laboratorj’', the frogs 
were kept in large tanks of running water at a temperature of about 15°C. and 
were used within a week or ten da 3 ^s. Under these conditions they were quite 
active, and had all the appearance of summer frogs. 

The method of perfusion which we have used is similar to that of Hober with 
the important modification of the perfusion pressures, our arterial pressure equal- 
ing 45 centimeters of water, while the venous pressure was 20 centimeters. The 
importance of this modification we have discussed in a previous paper, and will 
mention again in conclusion. 

The perfusion fluid was the modified Locke's solution of Barkan, Broemser and 
Hahn (3) buffered to a pH of 7.4 and properly oxj'genated. Glj'cocol to a con- 
centration of .50 percent, and glucose to .05 percent were also added to the 
solution. 

The details of the operative procedure have been previously described and will 
therefore not be repeated. Canulae from the perfusion flasks were placed in the 
anterior abdominal vein, thus supplying the renal-portal s 3 'stera, and into the 
aorta just below the junction of the two thoracic branches. Uretral cannulae 
were placed in the ureters, and the urine collected in measured periods of time. 
The samples of urine obtained were expressed as to volume in cubic centimeters 
per hour, the presence or absence of sugar tested with Benedict’s Solution, the 
electrol 3 ’’te content determined with a Christiansen ionometer, the reading being 
expressed as a percent concentration of NaCl, and an 3 '' d 3 m present determined 
quantitatively with a Dubosq colometer. AU these determinations may be made 
with considerable accuracy, as the samples obtained are large, the normal volume 
of urine being from 8 to 10 centimeters per hour. 

EXPERIMENTAL 

Before detailing the results of perfusion of the kidneys of winter 
frogs, it is necessary to describe those obtained by similar procedures 
witli the frog in summer when the organs of tlie animal are in a state 
of maximum activity. 

Under these conditions, with the method described above the volume of urine 
from the two kidneys varies, as stated above, from 4 to 10 cubic centimeters 
per hour. 
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Sugar is normally absent from the urine, though it may be present in the first 
fifteen minute sample collected. Any persistent appearance of it indicates, as 
Hober has shoum, a damaged kidney, and is usually accompanied by an abnormal 
increase in the amount of urine. 

The electroljde content of the urine under normal conditions is considerabl 3 ’ 
lower than that of the perfusion fluid. The lowest figures which we have ob- 
tained are 20 percent of that of the Locke’s solution, while as an upper limit, we 
have taken 50 percent. If it approaches nearer than this figure to the salt content 
of the perfusion fluid, sugar is usually present and the voltune is large; in other 
words, there is evidence of what Hober has shown must be interpreted as tubular 
damage. 

In a previous article (4) it was shoun that the two dyes, neutral red and phenol 
red, are excreted in different manners. The former is eliminated almost entirely 
through the tubules, while the phenol red is excreted in by far the greater part 
through the glomeruli. » 

These two dj-es were used in the perfusion fluid at a concentration of 12.5 mg. 
per 1000 cubic centimeters for neutral red, and 20 mg. per 1000 cubic centimeters 
for phenol red. The rate of excretion of phenol red by the normal kidney under 
these conditions varies from .5 to 1.2 mg. per hour. In spite of this variation in 
rate between the kidnej^s of different animals, abnormalities can be readily recog- 
nized as a rule by the inconstancy of the findings. An abnormal low excretion 
decreases progressively as the perfusion proceeds to a very low figure and is associ- 
ated with other evidences of kidney damage, such as a high salt content, or the 
presence of sugar. 

The concentration of the dye in the urine as compared to that of the perfusion 
fluid (Hober’s “concentration factor”) varies greatly, affected as it is by the 
volume of water excreted. A concentration factor as low as 200 percent may be 
foxmd in urine which is otherwise normal, the rate of e.xcretion of the dye remaining 
within normal limits due to a large volume of urine. With small volumes of mine 
as high a factor as 3000 percent may be obtained. On the other hand, when this 
figure falls as low as 100 percent, the urine contains sugar, a high sa’t content, or 
some other evidences of kidne}' damage are present. 

The rate of excretion of neutral red also varies considerably with different 
kidneys. From .45 mg. to 1.5 mg. per hour have been found under normal con- 
ditions, but here again the Constance of a normal kidney is easily distinguished 
from the progressive fall observed with abnormal organs. The concentration 
factor, as in the case of phenol red, is dependent largely on the rate of water 
excretion. A factor as high as 7500 percent has been observed. 


The Perfusion of Noryml ‘^Winter Frog''' Kidneys 

In the first five periods of Figure 1 is shown a typical experiment 
illustrating the effect of perfusion on the kidney of the winter frog. 
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Tlie dye in tlie Locke’s fluid was phenol red. It will be noticed that 
although in the first period the volume of water was within normal 
limits for summer conditions, 9 cubic centimeters per hour, during the 
first five periods there is a gradual and progressive decrease to 2.4 
cubic centimeters per hour. Tlie arterial perfusion flow was prac- 
tically constant during this period, so that the decrease in volume can 
not be explained by any failure of the perfusion method. A faint 
trace of sugar was present in the first period, but disappeared in the 
next sample and remained absent during the remainder of the experi- 
ment. The salt content in the first period was 50 percent, decreasing 
to 45, and finally to 40 percent of the concentration in the perfusion 
fluid in period 5. 

The phenol red, as in most of the experiments to follow, was intro- 
duced first into the tubular circulation, and then into the glomerular 
system. This was to test our previous findings, that the excretion 
of this dye is chiefly through the glomerulus. As is seen in periods 
1 and 2, only a very low rate of excretion resulted, .02 and .04 mg. 
per hour. The rate rose however at once to .16 mg. per hour when it 
was led to the glomeruli, an eight fold increase. Tliis rate is, however, 
still far below the usual figure for a summer frog, and in the following 
periods 4 and 5 it decreased progressively to a final figure of .07 mg. 
per hour. The highest concentration factor attained was only 
115 percent. 

The ex'periment described thus far, differs strikingly from the re- 
sults of perfusion of a summer frog in that there was a gradual and 
progressive decrease in tlie excretion of all the elements of the urine. 
The water decreased, sugar disappeared, and salt became less, as did 
also the rate of excretion of phenol red. The concentration factor of 
the latter was, however, greater than 100 percent. In other ex- 
periments similar results were obtained, in some the volume of urine 
decreasing to less than .1 cubic centimeter per hour, and in other cases 
the volume from the beginning of the perfusion was so low that the 
perfusion might be said to be ineffective. 

Viewing these findings in the light of De Haan and Baklrer’s theory 
that the winter frog’s Iddney is characterized by a decreased filtra- 
tion of the urinary constituents through the relatively impermeable 
glomerular membrane, it is difficult to explain by such a medianism 
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the concentration of the dye in the urine above that of the perfusion 
fluid. In other experiments, this concentration factor of phenol red 
rose to such figures as 410, 520, 540, 840, and even 1000 percent as the 
volume of water decreased. Obviously the concentration mechanism 
is still active in the winter frog’s kidney and this fact led to the idea 
that perhaps all of its peculiarities might be explained by the assump- 
tion of an increased absorptive activity on part of its tubules. 

The hypothesis is easily tested. The absorptive function of the 
tubules may be depressed, as Hober has shown by anesthesia with 



Fig. 1 

urethane, and if our assumption is true, such a procedure should cause 
the kidney of the winter frog to form a urine which is similar in amount 
and constituents to that of the summer frog. The second half of 
figure 1 (periods 6, 7, 8, and 9) shows such an experiment. 

BegmiuBg at the removal of sample 5, urethane in a concentration of 2 percent 
was added to the tubular perfusion fluid, and in periods 6 to 9 all the evidences 
of a depression of tubular function as described by Hober and observed by us in 
our previous article developed. 

The rate of water excretion increased steadily until it reached 12 centimeters 
per hour, a figure which equals the output of the summer frog. An equally strik- 
ing increase is noted in the output of phenol red. The rate of excretion was 
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doubled in the first period following the anesthesia and progressively increased 
until in the ninth period it reached a figure which equals even the maximum figure 
attained by summer frogs, that is, 1.6 mg. per hour. 

That these increases in water and dye output arc associated with a failure of 
tubular absorption, is seen by the changes in salt and sugar excretion. Absorp- 
tion of salts remained active until the eighth period, when the concentration rose 
to 50 percent of that of the perfusion fluid concentration and finallj’' to 60 percent 
in the last period, at which time a trace of sugar also appeared in the urine. 



Fig. 2 

These results are not the peculiar effect of the anesthetic, for any 
damage to the tubular epithelium which produces a depression of its 
function results in similar effects. In figure 2 the depression of tu- 
bular absorption was produced by frank damage to the epithelium 
with an unsuitable acid perfusion fluid. Under these conditions the 
scanty winter urine, poor in dye content, not only increased to values 
in water and dye which might be considered normal for a summer 
frog, but continued to show a decrease in tubular absorption until a 
point of frank abnormality was reached. 

The perfusion was started with Locke’s solution, at the normal pH of 7.4 and 
the usual amount of phenol red. The volumes of urine in the first 5 periods were 
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low or moderate in amount, and contained no sugar. \VbiIe the phenol red was 
administered to the tubules, (periods 1 and 2) the rate of excretion was very low, 
.08 mg. per hour, and increased over five fold to .44 mg. per hour, when it passed to 
the glomeruli (period 4). This figure is however lower than that of the average 
summer frog and begins to fall in the 5th period- ' At this time the perfusion fluid 
to the tubules was made add to a pH of 5.9. The epithelial cells were immediately 
damaged, and their absorptive activitj’’ destroyed as evidenced by the appear- 
ance of sugar in the urine. As a result, the rate of water output rose to what 
might be considered a normal figure for the summer frog, 10.8 cubic centimeters 
per hour, and the rate of excretion of phenol red to the high rate of 1.6 mg. 
per hour. 

These experiments support strongly the idea that the apparent 
“inactivity” of the winter frog’s kidney is the result of an increased 
actmty on the part of its absorbing tubules rather than that there is 
any decrease in the process of glomerular filtration. Both water and 
dye are present in sufficient amount in the tubular lumen and are 
excreted readily when the tubule cells are prevented from absorbing 
them. 

In considering the latter part of the two experiments just de- 
scribed, in which the excessive absorbing activity of the tubules has 
been depressed either by anesthesia or by frank damage to the tubule 
cells, one is struck by the fact that not only is a large amount of dye 
excreted, but also that although the normal concentrating mechanism, 
absorption of water, has been depressed, never the less the dye is 
still foimd in considerably higher concentration in the urine than in 
the perfusion fluid. Evidently then, some water is being absorbed 
from the glomerular filtrate or there is an added source of dye output 
in these periods, or both of these possibilities exist. 

Although it is impossible to answer such an involved question in any 
completely satisfactory quantitative manner, it can at least be shown 
that the second named factor may weU play an important part in the 
concentrating process. The following experiment (Fig. 3) shows that 
under certain conditions an added source and mechanism exists for the 
excretion of phenol red which may not fimction to any significant 
degree under normal conditions of renal activity. 

Clear Locke’s solution was supplied to the tubules while phenol red in the usual 
concentration was introduced into the glomerular circulation. The dye was 
excreted in high concentration, (780 percent) and at the moderately high rate of 
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.56 mg. per hour. As is typical of the winter frog, the next period showed a drop 
to about one half this figure, .25 mg. per hour, the concentration factor was lower 
and the volume of urine decreased. At the end of this period the dye containing 
fluid of the glomerular circulation was replaced with clear Locke’s solution, so that 
no dye was being supplied to the kidney. Nevertheless, the rate of dye excretion 
remained practically constant, .22 mg. per hour and since the volume of water 
had continued to decrease, the concentration factor was somewhat higher, 620 
percent. The following period also showed a high rate of excretion, but in the 
5th and 6th periods the lack of dye supply began to make itself apparent, and the 
rate of excretion and the concentration factor of the dye fell to a low figure. 



/ 2 3 .t S C 

Su^ar-.^ o o o 

Fig. 3 


For one half hour, therefore, the kidneys had maintained tlie rate 
of excretion and concentration of the dye without the usual source 
of glomerular supply. Since no other tissues were included in the 
perfusion system, it is obvious that the source of tliis excreted dye 
must have been the kidney itself. 

It has been shown by many observers that a storage and concen- 
tration of phenol red occurs in the cells of the renal tubule (Marshall 
and Crane (5)) and Hayman and Richards (6) have proved by direct 
observation that when introduced into the capsular space of the 
glomerulus the dj'^e appears within the tubule cells. Richards and 
Barnwell have furthermore shown (7) that although normal tubule 
cells are able to maintain a higher concentration of phenol red than 
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exists in the fluid in which they are immersed, when damaged this is 
no longer the case. With these facts in mind, it seems clear that the 
dye which had been stored during the first periods of the experiments 
described v/as subsequently liberated from the tubule cells and ex- 
creted during the period of dye free perfusion. Such a source and 
method of dye excretion is particularly important in the wmter frogj 
for the kidneys of such animals whose absorbing mechanisms are 
extraordinarily active, are especiall)^ rich in stored dye, so that when 
damaged by the urethane as in experiment 1, a considerable amount 
may be added by liberation from the tubule cells to that amount 
which is being eliminated by glomerular filtration. 

Evidence has been presfinted which has been interpreted as indi- 
cating that the kidneys of winter frogs conserve water, salt, sugar, and, 
when present in the urine, dye, by a process of excessive absorption 
from the urine within the renal tubule. It has been shown by Schem- 
inzky (8) and by the writers, that neutral red is excreted almost en- 
tirely through the tubule epithelium. Its manner of excretion is 
therefore different from that which we have found for the excretion of 
phenol red. In the kidneys of the winter frogs which are so active 
in conservation by their mechanism of absorption, one m’ght expect 
a similarly conservative action on the part of the excretory function 
of the tubules. The following experiment shows this to be the case 
(Fig. 4). 

Neutral red was introduced into the tubular circulation. In the first period it 
was excreted at a moderate rate (.45 mg. per hour) and in high concentration 
(735 percent) , but in the next two periods (2 and 3) there was a marked fall in both 
rate of excretion and concentration. The final figure of .03 mg. per hour and a 
concentration factor of 100 percent are far below any figures obtained with normal 
summer frogs. The volume of urine decreased and the absorption of salt was 
active as its concentration in the urine was only 40 percent of that of the perfusion 
fluid in the 3rd period. 

The kidneys of the winter frog therefore excrete neutral red to a 
lesser degree than those of the summer frog and the conservative 
mechanism of excessive absorption is complemented by a decrease in 
the excretory function of the tubular epithelium. The experiment 
was now continued for the examination of another point of interest. 
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It has been shown that phenol red wliich has been absorbed b}^ the tubule cells 
from the lumen of the tubule may be subsequently excreted back into the lumen 
when the concentration of dye in the urine is low or when the tubule cells have 
lost their absorptive power as a result of damage. 

The findings in the fourth and fifth periods show that there may be an analogous 
excretion of stored neutral red from the tubule cells. At the end of period 3 the 
perfusion fluid containing neutral red was replaced by d 3 'c free Locke’s solution. 
The kidney was now receiving no dye, yet during the next period the rate of elimina- 
tion of neutral red remained nearlj’’ as high as the preceding period and the urine 
was more concentrated in d 3 'e than the perfusion fluid. Bj' the sixth period both 
rate of excretion and concentration factor had fallen, evidently due to the ex- 
haustion of the available neutral red which had been stored in tubule cells.* 

It will be noticed in the sixth period that the volume of urine was small, 1.2 
centimeters per hour, and the salt concentration was cspeciallj'^ low, only 30 
percent of the concentration of salt in the perfusion fluid. This is strong pre- 
sumptive evidence that we are dealing with topical winter kidneys, that is, that 
their absorptive mechanisms arc verj’' active. Nevertheless, this point was tested 
with phenol red as in our previous e.xperimcnts. This dye was supplied to the 
glomeruli during the 7th period and in the 8th period was excreted at a moderate 
rate, .24 mg. per hour and in moderately high concentration, 495 percent. At 
the beginning of the 9th period tubular absorption was depressed by adminis- 
tration of urethane in a concentration of 2 percent to the tubules. The rate of 
water elimination immediately rose to 10.6 centimeters per hour and there was an 
increase in the rate of phenol red excretion to .66 mg. per hour. The absorptive 
mechanism of the tubules had indeed been so depressed bj"^ the anesthetic that 
the concentration of salt rose to 60 percent of that of tlie perfusion fluid and 
sugar appeared in the urine. 

In the same winter kidneys, therefore, an excessive absorptive 
activity and a decreased excretory function was demonstrated in the 
tubular epithelium. 


DISCUSSION 

From the experiments described above, the conclusion has been 
drawn that in winter frogs there exists a profound alteration in the 
function of the tubular apparatus of the kidneys. This alteration is 
manifested by an increase in the activity of their resorptive processes 
and a decrease in tlieir excretory functions. The method of demon- 

* Scheminzky has described the storage of neutral red in the tubular epithelium 
and we shall later discuss this point more fuUj’- in a study of experimental nephritis 
b)’ means of vital staining. 
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stration of these facts included the study of substances such as 
•water, salts and sugar, -which are normally present in the blood and 
urine, but the most striking demonstration was made with the dye, 
phenol red. 

In a previous article (4) we have sho-wn why we believe that the 
principal method of phenol red excretion is through the glomerulus. 

While this article was in press, there appeared a study by Schemin- 
zky, working in Hober’s laboratory, who from somewhat similar 
experiments came to a different conclusion. He found, as did -we, 
that neutral red was excreted by the tubules and only slightly by the 
glomerulus, but contrary to our conclusions, he believes that phenol 
red is also excreted principally by the tubules. 

It is impossible to adequately discuss this important and lengthy 
paper, and we shall only attempt to call the reader’s attention to cer- 
tain points which we feel should be especially noted in comparing 
the results of the two investigations. 

In the first place the type of experimental animal is difierent. Scheminzky 
used winter animals, and such material judged in the fight of De Haan and our 
present paper is obviously not the most satisfactory for the study of the method 
of normal dye excretion. As a result, the volumes of urine, and amounts of dye 
excreted are very small. In one emphasized experiment .19 cubic centimeters 
per kidney per hour is given as a normal volume and in another .86 cubic centi- 
meters is cited as an example of diuresis due to tub-ular narcosis. The technical 
diflaculties of quantitative NaCl and phenol red and qualitative sugar determina- 
tions all on a thirty minute sample under these conditions are manifest, especially 
Tfhen dye output must be expressed in millionths of grams. 

Of even greater importance, however, is the difference in perfusion technique in 
Scheminzky’s and our study. In most of his experiments he used a pressure of 18 
and 9 centimeters of water for the arterial and venous systems and imder these 
conditions the venous flow was greater than the arterial.^ In our previous article 

^ In discussing the improbability that fluid from the venous circulation has 
reached the glomeruh Scheminzky on page 667 gives a theoretical calculation as 
evidence of the impossibility of such an occurrence. Without going into the 
details which he presents we wish to point out that although it is correct that at 
least 9.1 centimeters of dye containing perfusion fluid must be assumed to have 
reached the glomeruli from the venous circulation in his hypothetical case, it is not 
at all necessary to assume that this was mixed in the glomeruli -nith the 40 cubic 
centimeters of dye free fluid which flowed through the aortic circulation. The 
flow through the glomerular capillaries may in fact have been purely venous and 
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wc hav6 pointed out that in order to cause the kidney to function in a normal 
manner pressures of 45 and 20 centimeters arc required. Detailed e.xperiments 
have shown that such pressures produce no abnormalities in the formation of the 
urine by either the glomeruli or tubules and that only with them will perfused 
kidneys secrete a volume of urine which is comparable with what Adolph (9) has 
shown to be the normal rate of water c.Kcrction.^ 

As a result of these seasonal and technical differences, and also because our 
frogs were perhaps much larger, our volumes of urine are larger and may be con- 
sidered as normal in regard to water excretion. The determinations of its con- 
stituents are made with case and the results of d^n excretion are e.xprcssed as 
milligrams. 

So mucli for general differences in method. In the specific experiments certain 
differences should also be noted. In contrasting the c.xcrction of phenol red by 
the tubules and by the glomeruli Scheminzky used different animals to test each 
part of the renal unit. The dye was found in the urine in concentrations higher 
than in the perfusion fluid after both tubular and glomerular administration and 
these results on different animals were then compared by averages and by “spedfic 
concentration” and “Leistungs” factors rather than by rates of excretion, for these 
rates varied in different animals. In our e.xperiments the comparison of the ex- 
cretion of either dye by the two parts of the kidney, glomerulus and tubule, 
was done in consecutive periods of a single experiment in the same animal and the 
contrasting results e.xprcssed as simple rates, i.e., mgs. per hour. 

In regard to the effect of narcosis of the tubules on the excretion of phenol red, 
Scheminzky states that in five of twelve e.xperiments although the anesthetic 
produced its typical effect on all the other urinary constituents, it did not depress 
the rate of excretion of the dj^e, as is required to support his hypothesis of tubular 
secretion. Doses of from two to five times the size which produced these results 
were required to regularly produce a depression of dye elimination. This is ex- 


in amount equal to any fraction of the total venous flow, the arterial fluid being 
shunted around the glomerular tuft by way of the arteriae rectae to join the 
intertubular capillaries. Such anastomoses have been shown by Nussbaum and 
Hajmian to mention only the first and last of a long series of investigators. Under 
these conditions, which are as proper an assumption as that of Scheminzky, it 
would be a simple matter to account for the total amount of dye found in the 
urine as a result of venous rather than arterial perfusion of the glomerular tuft. 

^ As a matter of fact the pressures used by us are even le-^s than the maxima 
that have been observed existing in the living frog’s circulation by many other 
observers. Hayman gives a figure of 60 centimeters of HjO as a possible normal 
aortic pressure, the average being 37 centimeters. Our venous pressure could 
doubtless be reduced, and this would lessen the danger of a contaminating venous 
perfusion of the glomerulus, but we have selected the pressure given above as 
proper to insure a complete circulation around the tubules of the entire Iddney. 
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plained by the assumption that the sccretorj' function of the tubule is more re- ’ 
sistant to narcosis than the absorptive process. 

Another explanation is, however, possible and that is that the larger doses of 
anesthetic affect more of the renal apparatus than the tubule. In a series of 
experiments on experimental nephritis in the frog to be published later, in which 
attempts were made to cause selective damage to various parts of the kidney, 
great difficulty was encountered in damaging any one part of the renal unit without 
affecting to some degree the other elements. The glomeruli, the tubules, and 
especially the vascular system are all susceptible to damage when strong toxic 
agents are administered even with great care to any one portion of the kidney, and 
under these conditions of wide spread damage its function is altered in such a 
complex way that it is impossible to judge as to the part played by any single 
structure in the production of the total effect. 


Our experiments on the winter frogs have also shown an accessory 
mechanism for the elimination of phenol red by the kidney. As the 
following table shows, although the increases after tubular damage in 
rates of water and dye excretion are in most cases of similar magni- 
tude, occasionally the dye elimination is increased to .a far greater 
degree. 


Increase in water 
elimination 

2.5 
8.2 
2.3 

2.5 
S. 


Increase in dye 
excretion 

2.7 

7.3 

2.2 

3.2 

22.0 


The last figure of this group, which is from an experiment in which 
there was a long period of dye absorption before the administration 
of the anesthetic to the tubules, it would appear that there is some 
other source of dye than that responsible for water output. As our 
experiment 3 shows, this added source is doubtless the dye which has 
been absorbed from the lumen and stored in the tubule cells. An 
“anomalous secretion” of such stored dye is apparently possible 
under vmusual conditions, such as, for example, when the concen- 
tration of dye in the lumen of the tubule falls far below that in the 
tubule cells, or when these cells are damaged and no longer able to 
hold it in concentrated form. Here again the phenomenon is best 
observed in winter frogs for their tubule cells are more highly charged 
with dye as a result of their excessive absorptive activity. 
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Our experiments on the activity of the winter frog’s kidney also 
add a further demonstration of the difference in the manner in which 
the kidney handles neutral red and phenol red. In such animals with 
neutral red tlie concentration factor is usually low when the rate of 
excretion has fallen to a low figure. With phenol red, the concen- 
tration factor is always greater than 100 percent, and often consider- 
ably larger, even though the rate of excretion is small. Tins difference 
also may be explained by our previous theory of tubular and glomerular 
excretion of the two dyes. The method of concentration of neutral 
red is a single mechanism in that it is a function of the tubule alone, 



namely tubular excretion of dye and tubular absorption of water. 
In the case of phenol red tlie concentration of the dye is the result 
of the activity of at least two mechanisms, glomerular excretion and 
tubular absorption of water and to a lesser degree of dye. An in- 
creased activity of the latter may therefore reduce the amount of 
dye excreted into the final urine without decreasing its concentration, 
since it is reasonable to suppose that water is absorbed more readily 
than the dye. The method of “anomalous secretion” of phenol red 
which we have just described may also aid in producing the result of a 
high concentra,tion but under these conditions the rate of excretion is 
apt also to be liigh. 
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CONCLUSIONS 

1. A method of conservation has been demonstrated in the kidneys 
of winter frogs. 

2. The mechanism of this conservation is an increase in the absorp- 
tive function and a decrease in the excretory activity of the tubular 
epithelium. 

3. The excessive absorptive process may be depressed by various 
means. Such a depression in the tubular activity is followed by large 
increases in the rate of excretion of water, salts and, if present in the 
urine, phenol red. 

4. Further evidence is thus obtained which supports the theory 
that phenol red is excreted chiefly through the glomeruli. 
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Although thirty years have elapsed since a streptococcus was first 
reported in the lesions of rheumatic fever, the etiology of this disease 
still remains in doubt. It is true, of course, that the streptococcus is 
now looked upon by many as the exciting agent, but final acceptance 
of the streptococcal theory is far from being xmiversal. 

When one seeks for an explanation of this disagreement, the answer 
is not hard to find. From time to time streptococci have been found 
both in the blood and in the joints of patients with acute inflammatory 
rheumatism, but rarely with sufficient frequency to justify the con- 
clusion that they were the cause of the disease. Indeed, several 
criticisms can fairly be made of previous investigations in this field; 
the number of cases studied has usually been small; some authors have 
failed to state the exact percentage of positive cultures obtained; and 
control cultures have not been made on individuals free from rheu- 
matic fever. 

Triboulet and Coyon (1), in 1897, cultivated a diplococcus from five living cases 
of rheumatic fever, and at autopsy on one fatal case. Later (1898) they (2) 
described the production of mitral endocarditis in rabbits by the intravenous 
injection of a diplococcus isolated from the blood of a patient with rheumatic 
fever. In another article Triboulet and Coyon (3) reported that in 11 consecutive 
cases of rheumatic fever they had isolated a diplococcus from the bloodstream. 

Apert (4) in 1898, using the methods of Triboulet and Coyon, took blood cul- 
tures on two cases of chorea. One yielded a diplococcus similar to the strains 
recovered by these investigators. In 1899, Westphal, Wassermann and Malkofi 


* This investigation was supported in part by the Committee for the En- 
couragement of Medical Research. 
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(5) made a bactcriologic study of a fatal case of rheumatic fever with chorea and 
endocarditis. A streptococcus was recovered from the blood, the brain and the 
heart valves. Experiments were conducted on 80 rabbits with the production 
of arthritis in a considerable number. 

In 1900, Poynton and Paine (6) demonstrated diplococci in eight cases of 
acute rheumatic fever. Five of the eight cases, however, were fatal, and in these 
five the cultures were obtained at the post mortem table. In three of the eight 
cases blood cultures were taken; two out of the three were positive for diplococci. 
In the remaining five cases, diplococci were isolated from pericardial fluid, vegeta- 
tions on the heart valve or from the tonsils. WHien injected into rabbits these 
diplococci produced arthritis, valvulitis and pericarditis. 

Philipp (7), in 1903, took blood cultures on 31 cases of rheumatic fever and 
obtained entirely negative results. He concluded that rheumatic fever is a 
specific infectious disease of unknown etiology. 

Loeb (8), in 1908, took blood cultures on 45 cases of rheumatic fever. In 
eight patients a streptococcus was obtained which moiphologically and culturally 
corresponded to that described by Po^mton and Paine (6) and other workers. 

In 1908 Beattie (9) e.xamined three cases of fatal rheumatic fever at the post 
mortem table. In all of them cultures from tlic heart’s blood remained sterile. 
In all tliree cases, however, streptococci were grown from pieces of synovial 
membrane. These strains were identical in tlieir cultural characteristics, and 
differed in no way from Poynton and Paine’s “streptococcus rheumaticus.” 

In 1913 Rosenow (10) reported the isolation of streptococci from the joints in 
seven out of eight cases of acute rheumatic fever. The same autlior (11), in 
1914, recovered streptococci from the bloodstream in four out of seven patients 
with rheumatic fever. Rosenow divided his streptococci into tliree groups, 
according to their effect on blood agar: 1. Those producing green; 2. Those 
producing slight hemolysis; 3. Those producing no perceptible cliange. Rosenow 
claimed that under certain conditions an}’’ of the three varieties could be con- 
verted one into the other. When tliese streptococci were injected into rabbits, 
the}’^ induced arthritis, endocarditis and pericarditis. 

Herry (12), in 1914, undertook an elaborate study of rheumatic fever based on 
sLxty cases. Forty-three out of the sixty cases yielded positive blood cultures, 
in every case a diplococciis similar to that described by Poynton and Paine. 
Four out of five joint cultures were positive for streptococci, and seven pleural 
fluids ail yielded streptococci. Altogether 47 of tlie 60 cases (78.3 per cent) 
yielded a streptococcus from some one of these sources. Heri}’’ found that 
arthritis, myocarditis and endocarditis were readil}’^ produced in rabbits by 
intravenous injections of these streptococci. 

Swift and Kinsella (13), in 1917, cultured the blood from 58 cases of rheumatic 
fever and obtained streptococci from seven, or 12 per cent, of tliem. The joints 
were cultured in 25 cases with entirely negative results. All of Swift and Kin- 
sella’s streptococci produced green on blood agar plates, but no strict biological 
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relationship could be established betvfcen these strains by complement-fixa- 
tion tests. No agglutination tests were made. 

In 1925, Clawson (14) isolated streptococci from the blood in a “relatively high 
percentage of cases of rhemnatic fever." His technic for blood cultures differed 
from that of his predecessors in several respects: 1. Fifty c.c. of blood were col- 
lected for culture. 2. Only the clot was used for cultivation. 3. Cultures were 
observed for one month before being discarded. Altogether twenty strains of 
streptococci were studied. With one exception they all produced methemoglobin 
after a period of cultivation. The exceptional strain was a tj^pical streptococcus 
hemolyticus. By injecting these streptococci into rabbits, Clawson found that 
lesions similar to those occurring in human rheumatic fever could be produced 
experimentally. 

Zinsser and Yu (15) (1928) reported the results of cultures on two cases of 
rheumatic fever and two cases of rheumatic carditis. In one rheumatic fever 
patient, intra-vitam blood cultures revealed both an alpha and a gamma strain 
of streptococcus. The other rheumatic patient died and at autopsy an alpha 
streptococcus was recovered from the myocardium and from the pericardial fluid. 
Both of the patients with carditis died. Cultures from the blood of both these 
patients were sterile, but post mortem cultures from the spleen in each instance 
yielded a streptococcus. 

Suranyi and Forro (16) (1928) took blood cultures on 25 cases of “polyarthritis” 
and obtained green streptococci in 17, or 68 per cent, of the series. The blood 
was first hemolyzed in citrate solution and the sediment cultured in broth tubes. 
In contrast to these positive findings is the recent study of Nye and Seegal (17) 
(1929) on the bacteriology of the blood in rhemnatic fever. Fifty cubic centi- 
meters or more of blood was taken in nearly every instance. Twenty-five cases 
were cultured in this way with entirely negative results. 

Small (18) and Birkhaug (19), whose recent studies (1927) on the etiology of 
rhemnatic fever have attracted considerable attention, have not been particu- 
larly interested in the bacteriology of the blood and joints in rheumatic fever, 
but have investigated the gamma type of streptococcus in relation to its presence 
in the throats of patients with rhemnatic fever. Small’s original R1 “streptococ- 
cus cardioarthritidis” was isolated from the blood, but most of his subsequent 
strains were obtained from the throats of rheumatic fever patients. Of Birk- 
haug’s 27 strams of “non-methemoglobin-forming streptococci,” only three were 
isolated from the blood, the remainder from tonsils, feces, etc. 

It is evident that investigators have met with varying degrees of 
success in their attempts to recover streptococci from the blood and 
joints in rheumatic fever. It is significant, however, that those who 
have recovered streptococci from rheumatic fever patients have almost 
invariably recovered the same type of streptococcus, namely the 
streptococcus viridans. Furthermore, although these streptococci 
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have presented very much the same appearance morphologically and 
culturally, the trend of evidence is against their comprising one 
biological group. In addition to the streptococcus viridans, an 
indifferent streptococcus similar to that described by Small and by 
Birkhaug has occasionally been isolated. 

The Present Study 

The present investigation, initiated in the Spring of 1928, followed 
as a natural corollary to our study on the bacteriology of tlie blood 
and joints in chronic infectious arthritis, the results of which have 
been recently published (20). If streptococci could be isolated fre- 
quently from the blood and from tlie joints in infectious arthritis, it 
seemed reasonable to suppose that they could also be found in the 
blood and joints in rheumatic fever, a disease which, though differing 
from infectious arthritis in many respects, possesses with it certain 
points of similarity. 

It was decided that only those cases of rheumatic fever that showed 
fever and definite joint manifestations would be studied. Altogether, 
sixty such patients have been included in this investigation. In 
almost every instance cultures were taken during the febrile stage 
and usually before salicylates had been given. During the Spring of 
1928, 29 cases were studied; during the Spring of 1929, 31 cases. Most 
of the patients in the series were adults,* but through the kindness of 
Dr. Charles Hendee Smith we also had access to the cliildren’s wards 
at Bellevue Hospital. Unfortunately, many of the rheumatic cliildren 
showed no active joint manifestations, and could therefore not be 
included in the series. 

Methods 

The technical methods employed are submitted in detail : 

(i) Broth for Blood Cut hires . — Fresh beef heart free from fat is passed through 
a meat grinder and weighed. For every 1000 grams of meat one liter of tap 
water is added. The mi.xture is allowed to stand in the ice-box over night. In 
tlie morning, it is heated to 20 deg. C., and filtered tlirough a flannel bag. It is 

* We are very much indebted to Dr. Van Horne Norrie, Dr. John AV 3 ’’ckoff and 
Dr. Charles Hendee Smith for the privilege of using material from their services 
in Bellevue Hospital. 
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then boiled over a low flame for one hour with frequent stirring. After filtering 
through filter paper, water is added in sufiBcient quantity to make up for loss by 
evaporation. One per cent bacto-peptone (Difeo standardized) and 0.5 per cent 
sodium chloride are added. The broth is next placed in the Arnold sterilizer at 100 
deg. C. for ten minutes to dissolve the salt and peptone. The pH. is adjusted to 
7.8 with 2N sodium hydroxide (Kahlbaum) using a La Motte block comparator 
with phenol red as indicator. The solution is placed in the Arnold at 100 deg. C. 
for one hour and again filtered through filter paper. The pH. is again taken while 
the broth is still hot, and is usually found to have fallen to 7.6. If it should 
fall below 7.6 a further adjustment of the pH. is necessary followed by another 
hour in the Arnold. The final pH. of the broth should be 7.6, It is poured 
into 100 c.c. bottles (50 c.c. to each bottle) and sterilized in the Arnold for 30 
minutes at 100 Deg. C. on three successive days. The broth is then incubated 
for 24 hours to test for sterility. 

(2) Blood Broth {or Joint Cultures. — Broth for joint cultures is prepared in the 
same way. The broth is then poured into ordinary culture tubes (8 c.c. to each 
tube) and sterilized in the Arnold for 30 minutes at 100 deg. C. for three successive 
days. To each tube of broth is now added 0.1 c.c. defibrinated rabbit’s blood. 
The broth is then incubated for 24 hours to test for sterility. 

(J) Preparation, of Agar. — ^Beef heart free from fat is passed through the meat 
grinder and weighed. For every 1000 grams of meat two litres of water are 
added. The mixture is allowed to stand in the ice-box over night. In the 
morning it is heated to 20 deg. C. and filtered through a flannel bag. It is then 
boiled over a low flame for one hour with frequent stirring. After filtering through 
filter paper, water is added in sufficient quantity to make up for loss by evapora- 
tion. One per cent bacto-peptone (Difeo standardized), 0.5 per cent sodium 
chloride, and 1.5 per cent bacto-agar (Difeo standardized) are added. The 
mixture is placed in the Arnold at 100 deg. C. for 30 minutes to dissolve the salt, 
peptone and agar. The pH. is adjusted to 7.8 with 2N sodium hydroxide (Kahl- 
baum). The solution is placed in the Arnold at 100 deg. C. for one hour. It is 
then passed through a Sharpies centrifuge to remove the sediment. The pH. is 
again taken while the agar is still hot, and it is usually found to have fallen to 7.6. 
If it should fall below 7.6, a further adjustment of the pH. is necessary, followed 
by another hour in the Arnold. The final pH. of the agar should be 7.6. It is 
poured into test tubes (8 c.c. to each tube), and sterilized in the Arnold for 30 
minutes at 100 deg, C. on three successive days, allowing the media between 
sterilizations to stand at room temperature. Tests for sterility are made by 
incubation for 24 hours. 

(4) Technic jor Blood Cultures. — The s)uinges and needles used for taking the 
cultures are enclosed in glass tubes and sterilized in the dry sterilizer for two hours 
at ISO deg. C. The skin is prepared with two coats of iodin and one of alcohol. 
Twenty c.c. or more of blood are taken from a vein in the arm. The blood is 
divided between two culture tubes, allowed to dot, and put in the ice-box over 
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RSsxme of 60 Cases of Acute RJieumatic Fever 
Cases Studied in 1928 
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night. On the following morning, the clots arc loosened with a glass rod and the 
tubes placed in the centrifuge. After centrifugalization, the serum is carefully 
removed with a pipette. The clots are broken up with glass tubes one-quarter 
inch in diameter, drawn up in the tubes and transferred to two bottles, each 
containing SO c.c. of broth. The bottles are then cov^cred with paper caps and 
placed in the incubator at 37 deg. C. for one month. During the month, the 
bottles are opened at five day intervals, and sub-cultures made in both blood-agar 
pour plates and blood broth tubes, using one-tenth c.c. of the original broth 
culture in each case. If no growth has been found at the end of a month, the 
original broth bottles are centrifugalized and the sediment cultured in fresh 
blood broth. Sub-cultures are made from the latter on blood agar plates several 

TABLE 2 


Smmmry of Bacteriological Findings in Blood and Joint Cultures of Patients with 
Acute RJtcumalic Fever (IPHS and 1Q2Q Scries) 


Organism found j 

Rheumatic fever i 

1 

Controls 

1 

Blood 

Joints 

Blood 

Joints 

Strep, viridans 

33 

5 

1 

0 

Strep, hemolyticus 

1 

0 

0 

0 

Strep, anhemolyticus 

1 

0 

t 0 

0 

Total showing strep 

35 

5 

1 

0 

Sterile 

25 

2 

65 

1 

i 13 


days later, and if no organisms are found, the bottles are discarded and the cul- 
ture considered negative. All transfers and manipulations are carried out under 
a hood. 

(5) Technic for Joint Cultures. — Syringes and needles for aspiration are pre- 
pared in the same way as for blood cultures. The knee joint has been used for 
obtaining joint fluid. The skin over the joint is prepared with two coats of 
tincture of iodin and one of alcohol. Two per cent novocain is injected down to 
the capsule to render the parts anesthetic. A 20-gauge needle and a 20 c.c. 
syringe are usually employed for the aspiration. The fluid from the joints is 
cultured in three or four blood broth tubes, using varying amounts for each tube. 
The tubes are placed in the incubator for one month. Sub-cultures are made 
ever}^ few days in blood-agar pour plates and in blood-agar streak plates. Strepto- 
cocci usually make their appearance during the first week, but the cultures are 
not pronounced sterile until they have been in the incubator one month. 

Results of Blood Cultures 

Protocols of the 60 patients on whom blood cultures and, in some 
instances, joint cultures were made, are listed in Table 1. The age of 
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these patients varied from 7 to 65 years. Thirty-four gave a history 
of one or more previous attacks of rheumatic fever. In 26 patients 
a historj’- was given of a preceding sore throat or corj'za. Every 
patient in the series gave a history of joint manifestations, and in 
nearly every case several joints were still obviously inflamed at the 
time the cultures were taken. Every case showed fever varying from 
a maximum of 100.4 to 105.6. Leucoc 3 ^osis was present in most of 
the cases on whom counts were made. Only three patients in the 

TABLE 3 


Patients viith Rheumatic Fever Subjected to Two Blood Cultures 


Patient 

1st Blood Culture 

2nd Blood 
Culture 

Ko- of Dai'S 
' Between Cultures 

Status of Disease at 
Time of 2nd Blood 
Culture 

B-356 

+ 



5 

Active 

B-924 



10 

Inactive 

B-40 

-f- 

- 

2 

Subsiding 

B-948 

— 1 

+ (P.M.) 

2 

Patient dead 

H,E. 

+ 

— 

57 

Inactive 

P. S. 

+ 

— 

21 

Subsiding 

R.Z. 

+ 

— 

SO 

Inactive 

L. M. 

-1- 

— 

21 

Subsiding 

B-400 

+ 

+ 

9 

Active 


Active indicates that the patient had high fever and joint lesions. 

Subsiding indicates that the fever was subsiding and the patient recovering 
from the attack. 

Inactive indicates that the patient had no fever and was out of bed. 

series of 60 cases died. One came to autopsy and showed no evidence 
of bacterial endocarditis. In the other two fatal cases, the opinion 
of all those who studied them clinically was that death was due to a 
serofibrinous pericarditis and not to a bacterial endocarditis. 

Of the 29 cases studied by blood culture in 1928, nine, or 31 per 
cent, were found, after varying periods of incubation, to contain a 
gram-positive micrococcus in piue culture. Of the 31 cases studied 
in 1929, 26 or 83.9 per cent yielded a micrococcus in pure culture. 
The organisms appeared in pairs or short chains and had all the 
morphologic characteristics of streptococci (Table 2). The higher 
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percentage of positive cultures obtained in 1929 is probably trace- 
able in large part to improvements in technic, though a personal 
equation was also present, the cultures in 1928 having been examined 
by one of the writers and the cultures in 1929 by another. 

Nine patients studied in this series were subjected to two blood 
cultures (Table 3). Of these patients 8 showed streptococci in the 


TABLE 4 

Classification of Patients Studied by Blood Cultures 



No. of cases 
Studied by 
Blood cultures 

Total 

Streptococcus 
in Blood 
cultures 

Acute Rheumatic Fever 

60 

60 

35 

Controls: 

Fever of unknown origin (Blood cult, 
positive) 

1 

Degenerative arthritis 

23 



Gonococcal arthritis 

4 



Chronic myositis 

7 



Chronic neuritis 

3 



Gout 

2 



Chorea 

2 



Tuberculous adenitis 

2 



Diabetic nisuritis 

1 

66 

1 

Convalescent pneumonia 

7 


Iridocyclitis 

1 



Weak foot 

1 



Chronic colitis 

1 



Sciatica 

1 



Gastric neurosis 

1 



Chronic nephritis 

1 



Neurasthenia. 

3 



Normal individuals 

5 




1' 




first culture; two yielded streptococci in the second culture. All 
blood cultures taken when the disease was subsiding or inactive were 
sterile. 

Other Bacteria Isolated from Blood Cnltures . — Some type of strepto- 
coccus was the only organism consistently recovered from blood cul- 
tures. In one instance blood cultures yielded a diphtheroid bacillus, 
but in view of the frequency in which this organism is foxmd as a 





L. CECIL, E. E. NICH0LI5, AND W. J. STAINSBY 


629 


contaminant, no significance was attached to its presence. All 
grossly contaminated cultures were discarded. 

Conirol Blood C-tiUures . — It seemed important to check these ob- 
ser^'ations on the blood of patients with acute rheumatic fever by a 
series of blood cultures on patients suffering from other diseases and 
on normal mdividuals. Altogether, 66 controls were studied by 
means of blood cultures, the technic being similar in all respects to 
that used in acute rheumatic fever (Table 4). 

All the controls, with one exception, yielded sterile blood cultures. 

The exceptional case (B-284) was that of a man, aged 53, who six hours before 
admission began to have muscular pains particularly in the back and legs asso- 


TABLE 5 

Classification of Patients Studied hy Joint Cultures 



No. of cases 
Studied by 
Blood culture 

Total 

Streptococcus 
in Jojut 
cultures 


7 

7 

5 

Controls: 

4 




1 




3 

■ 13 

0 


4 


1 








dated with malaise and high fever. There were no other symptoms. The past 
history was negative. Physical examination showed a flushed feverish man with 
a reddened pharynx. The remainder of the examination was negative. X-rays 
of the sinuses, lungs and gall-bladder revealed no evidence of disease. W.B.C. 
6200; Widal negative; urine negative. The temperature on admission was 104.6. 
It came down to normal on the fifth day. Then it gradually rose again, and ran 
an irregular course between 100 and 102 for another four weeks, when it came 
down to normal and remained there. The final diagnosis on this patient was 
‘‘Fever of unknonm origin.” A blood culture taken on the day of admission 
yielded a pure culture of streptococcus viridans. 

Results of Joint Cnltnres 

In seven cases of acute rheumatic fever, the opportunity presented 
itself for culturing the synovial fluid from one of the affected joints. 
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In every case, the knee was the joint selected for puncture, and in 
every instance 5 to 20 c.c. of slightly cloudy, straw-colored fluid was 
removed. Of the seven cases, five yielded a streptococcus in pure 
culture after varying periods of incubation (Table 5). Neither of 
the two patients on whom sterile joint cultures were obtained were 
presenting very active symptoms at the time the punctures were made. 

Control CiitUircs. — These results were checked with joint cultures 
of patients suffering from other diseases (Table 5). Altogether, 13 
controls were studied by means of joint cultures, the technic being 
similar in all respects to that used on patients with acute rheumatic 
fever. All the controls yielded sterile cultures. 

Cultural and Biologic Characteristics of the Streptococci Isolated from 

Blood and Joint Cultures 

The average time of appearance of streptococci in tlie blood cul- 
tures was approximately 17 days; in joint cultures, S days. In one 
instance the blood culture had been in the incubator six weeks before 
streptococci could be demonstrated. On the other hand there were 
exceptional cases in which the streptococci appeared in three or four 
days. In many instances, the first colonies observed on the blood 
agar sub-culture plates failed to grow when seeded into blood broth 
tubes. It was often necessary to return to the original broth cul- 
tures several times before successful transfer of colonies to blood 
broth could be achieved. 

The streptococci first make their appearance in broth as pairs or 
very short chains, the chains becoming longer as tlie organisms became 
more accustomed to laboratory mediums. Generally, the organisms 
grow very poorly for the first few generations, necessitating frequent 
transfers of cultures. In blood agar sub-cultures, both superficial 
and deep colonies are usuaDy recognizable after 24 to 48 hours of 
incubation. 

The streptococci encountered in the blood and joint cultures with 
two exceptions belong to the alpha streptococcus or streptococcus 
viridans group. One exception proved to be a typical hemolytic or 
beta streptococcus, while the other was classified as a non-hemolytic 
or gamma streptococcus. All the streptococci isolated were gram- 
positive and insoluble in bile. 
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Morphologically, the streptococcus viridans strains usually appear 
IS very small, round or slightly oval cocci, which in liquid mediums 
form pairs or verj' short chains. On blood agar plates, after 48 hours 
incubation, deep colonies appear as minute, biconvex grayish colonies 
surrounded by a very small zone of incomplete hemolysis that contains 
species of green pigment. The amount of methemoglobin formation 
varies considerably with different strains. A few strains show a large 
amoimt of green pigment, but as a general rule, the amount of green 
produced is small. 

No hemolysis of the blood occurs in blood broth cultures after 48 
hours incubation. The broth becomes turbid and takes on a slightly 
greenish tinge. 

The strain of streptococcus hemolyticus cultivated from one patient 
grows readily on all the usual laboratory mediums. In blood agar, 
after 48 hours incubation, deep colonies appear as moderate-sized, 
biconvex grayish colonies, surrounded by large zones of complete 
hemolysis. The indifferent streptococcus isolated from one patient 
appears as a small, round or slightly oval coccus, which in liquid 
mediums form very short chains. On blood agar, after 48 hours of 
incubation, deep colonies appear as small, biconvex grayish colonies 
with no change in the surrounding medixun. There is no hemolysis 
of the blood in blood broth cultures. 

Sugar Fermentations . — Sugar fermentations were carried out on 32 
strains of streptococci isolated from the blood, and five strains isolated 
from the joints (Table 6). 

The tests were made in 5 c.c. of sugar free broth, to which 0.1 c.c. of a ten per 
cent solution of one of the sugars had been added. The pH. of the sugar mediums 
was uniformlj' 7.6. Each tube was heavily inoculated with an actively growing 
24-hour broth culture. The tubes were allowed to incubate for five days, and 
the amount of acid formation determined by the pH. method. Tubes that gave 
only a small amount of fermentation were allowed to incubate for an additional 
48 hours, but no further amount of acid formation was noted in any case. 

Thirty-four of the 37 strains fermented lactose, mannit and salicin. According 
to Holman’s classification, this group would be classified as streptococcus fecalis. 
It included all but one of the streptococcus [viridans strains. Three of the 37 
strains (RB-2, RB-5 and RB-6) fermented salicin and lactose, but had no eSect 
on mannit. Of these three strains, two were obviously members of a different 
biological group. Strain RB-2 was a streptococcus hemolyticus and RB-S was 
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a gamma or indifferent streptococcus. Only two strains in the entire series pro- 
duced acid in inulin, and even in these two the change in the pH. was so slight 
(7.2) that the strains could hardl)’’ be called inulin fermenters. 

It is significant that three strains of streptococcus viridans isolated 
from joints corresponded in their fermentation reactions with the 
strains isolated from the blood in the same patients. Strains E.B-9i 

TABLE 6 


Sugar Reaclions of Streptococci 


Strain 

Dex - 

trosc 

Salicin 



Inulin 

Strain 

Dc.t- 

trose 

Salidn 

Lac- 

tose 

^fan- 

ntt 

Inulin 

RB -1 

6,2 

6.8 

6.2 

6.4 

7.6 

RB -22 

6.0 

6.0 

m 

6.0 

7.6 

RB -3 

6.2 

6.8 

6.0 

6.0 

7.6 

RB -23 

6.0 

6.0 

m 

6.0 

7.6 

RB -7 

6.5 

6.8 

6.0 

6.2 

7.6 

RB -24 

6.2 

6.8 

6.0 

6.2 

7.6 

RB -8 

6.0 

6.0 

6.0 

7.0 

7.6 

RB -25 

6.0 

6.0 

6.0 

6.0 

7.6 

RB - 9 i 

6.0 

6.4 

6.0 

6.0 

7.6 

RJ -25 

6.0 

6.0 

6.0 

6.0 

7.6 

RB - 9 s 

6,2 

6.8 

6.0 


7.6 

RB -27 

6.0 

6.0 

6.0 

6.0 

7.6 

RB -10 

6.0 

6.0 

6.0 

6.0 

7.6 

RB -28 

6.0 

6.4 

6.0 

6.0 

7.6 

RB -11 

6.0 

6,0 

6.0 

6.0 

7.6 

RB -29 

6.0 

6.0 

6.0 

6.0 

7.6 

RB -12 

6.0 

6.0 

6.0 

6.0 

7.6 

RB -31 

6.0 

7.0 

6.0 

6.0 

7.6 

RB -13 

6.0 

6.0 

6.0 

6.0 

7.6 

RB -32 

6.0 

6.0 

6.0 

6.0 

7.6 

RB -14 

6.0 

6.4 

6.4 


7.6 

RB -34 

6.0 

6.0 

6.0 

6.0 

7.6 

RB-IS 

6.0 

6.0 

6.0 

6.0 

7.6 

RJ -34 

6.0 

6.0 

7.0 

6.0 

7.6 

RB -16 

6.0 

6.0 

6.0 

6,0 

7.6 

RJ -36 

6.0 

6.6 

6.0 

6.0 

7.6 

RJ -16 

6.0 

7,0 

6.0 

7.0 

7.6 

RB -26 

6.0 

6.0 

7.0 

6.0 

7.2 

RJ -17 

6.0 

6.0 

6.0 

6 0 

7.6 

RB -35 

6.0 

6.0 

6.0 

6.0 

7.2 

RB -18 

6.0 

6,6 

6.0 

6.0 

7.6 

RB -2 

6.0 

6.0 

6.0 


7.6 

RB -19 

6.2 

6.4 

6.0 


7.6 

RB -5 

6.0 

6.8 



7.6 

RB -20 

6.0 

6.0 

6.0 


7.6 

RB -6 

6.0 

6.0 

7.0 

HKl 

7.6 

RB -21 

6.0 

6.0 



7.6 





H 



The figures in the table indicate pH reading after 5 days incubation. 
Readings of 7.6 = no acid formation. 

Readings of 7.0 or below = definite acid formation. 


and RB-Po, isolated at different times from the blood of Case B-400, 
gave identical sugar reactions. 

Agglutination Reactions . — In order to determine whether there was 
any biologic relationship between the streptococci which had been 
isolated from the blood and joints of patients with acute rheumatic 
fever, cross agglutination tests were made with 16 serums from 
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rabbits inimunized against 16 strains of streptococci. Fifteen of these 
strains were from the blood or joints of patients with rheumatic 
fever. The sixteenth strain was a streptococcus (AB-4) isolated from 
the blood of a case of chronic infectious arthritis. 

The 16 immune serums were tested for agglutinins against each of 
the 35 strains of streptococcus recovered from patients with rheumatic 
fever and against one strain from a case of chronic infectious arthritis. 
In addition the serums were tested against a streptococcus viridans 
recovered from the blood of a patient with subacute bacterial 
endocarditis. 

The agglutination tests were carried out as follows: 

A 24-hour broth culture was killed by heating at 56 C. for two hours, and the 
centrifugalized sediment re-suspended in physiological salt solution. The rabbits 
received 5 c.c. daily for five days. After five days rest, they were given five further 
injections (10 to IS c.c. each) at daily intervals. After another five days rest, 
tests for the agglutination titer were made. 

By this method, the serums when collected were usually found to be rich in 
agglutinins. However, in a few instances, it was necessary to give additional 
injections of streptococci. All the serums showed a minimum agglutination 
titer of 1:2560. 

The antigens for the agglutinations were prepared by growing the streptococci 
in plain broth for eighteen hours. A diffuse growth was obtained in this way with 
every strain. 0.5 c.c. of the antigen was mixed with 0.5 c.c. of the various dilu- 
tions of immune rabbit’s serum. The agglutinations were carried out to a titer 
of at least 1:2560, and sometimes to a titer of l'.655,000. As controls, rabbit's 
serum withdrawn before immunization -was tested against the streptococci. 
Another control consisted of 0.5 c.c. of sterile broth and 0.5 c.c. of the bacterial 
antigen. The agglutination tubes were left two hours in the water bath at 56 C. 
They were then placed in the refrigerator, and readings were made the following 
morning. 

Examination of Table 7 reveals the fact that these green streptococci 
recovered from the blood and joints of rheumatic fever patients show 
a definite tendency to fall into biological groups. We have indicated 
this grouping in the chart by rectangles. These streptococcus groups 
differ from pneumococcus groups in that there is more tendencj’- to 
partial cross-agglutination between the groups. This is particularly 
noticeable in the case of the dominant group in the upper left comer 
of the chart. There are several strains listed just below this group 
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Agglutinatioit Tests 

Agglutination Reactions 'with Scrums of Rabbits Immunized against Fifteen Strepto- 
coccus Strains from Rheumatic Fever and One from Chronic Infectious Arthritis 


Strains 

Serum 

RB-19 

Serum 

RB-24 

Serum 

RB-9 

Serum 

RB-7 

Serum 

RB-2S 

Scrum 

RJ-36 

Scrum 

RB-S 

Scrum 

RB-16 

Serum 

RB-22 

Scrum 

RJ-17 

Scrum 

RJ-34 

Serum 

RB-26 

in 

s'" 

e/3 

Ec 

C/3 

J g< 

CO 

RB-19 

1 

4 

• 

4 

4 

4 

4 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

RB-24 

4 

4 

4 

4 

4 

4 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

RB-9 

4 

4 

4 

4 

4 

4 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

RB-9(2) 

4 

4 

4 

4 

4 

4 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

RB-14 

4 

4 

4 

4 

4 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

RB-IS 

4 

4 

4 

4 

4 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

RB-13 

4 

4 

4 

4 

4 

4 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

RB-7 

4 

4 

4 

4 

4 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

RB-25 

4 

4 

4 

4 

4 

4 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

RJ-25 

4 

4 

4 

4 

4 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

RB-20 

3 

3 

3 

3 

3 

3 

3 

3 

4 

0 

0 

1 

0 

0 

0 

0 

RB-36 

3 

0 

3 

2 

4 

4 

2 

3 

2 

4 

0 

1 

2 

2 

0 

0 

RB-3 

2 

2 

O 

2 

2 

o 

2 

3 

4 

3 

1 

0 

1 

1 

0 

0 

RB-S 

2 

2 

2 

2 

3 

2 

2 

3 

2 

4 

4 

1 

2 

1 

0 

0 

RB-5 

2 

2 

2 

2 

3 

4 

4 

3 

2 

o 

1 

4 

1 

1 

0 

0 

RB-30 

1 

1 

2 

1 

0 

0 


0 

2 

0 

0 

0 

0 


0 

0 

RB-31 

2 

2 

2 

2 

0 

0 


3 

0 

0 

4 

0 

0 


0 

0 

RB-4 

2 

1 

2 

2 

0 

0 


0 

2 

0 

0 

0 

4 

2 

0 

0 

RB-15 

2 

2 

2 

2 

0 

0 

1 

4 

0 

0 

0 

0 

0 

0 

0 

0 

RB-16 

0 

0 

0 

0 

0 

1 

2 

4 

1 

1 

0 

2 

1 

0 

0 

0 

RJ-16 

0 

0 

0 

0 

0 

2 

2 

3 

1 

2 

0 

1 

1 

0 

0 

0 

RB-32 

0 

0 

0 

0 

0 

0 

0 

4 


0 

0 

0 

0 

0 

0 

0 

RB-29 

1 

1 

0 

0 

0 

2 

1 

4 


1 

2 


0 

0 

0 

0 

RB-2S 

1 

1 

0 

0 

0 

0 

2 

3 


0 

4 


0 

0 

0 

0 

RB-34 

0 

0 

0 

0 

0 

1 

0 

0 

2 

0 

3 


0 

1 

0 

0 

RJ-34 

0 

0 

0 

0 

0 

2 

0 

0 

2 

0 

4 

0 

0 

0 

0 

0 

RB-35 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

RJ-17 

0 

0 

0 

0 

0 

3 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

RB-26 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

0 

RB-2 

0 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 


2 

0 

4 

4 

RB-22 

0 

0 

0 

0 

0 

0 

0 

0 

4 

0 

1 


2 

0 

2 

1 

RB-23 

0 

0 

0 

0 

0 


0 

0 

4 

0 

0 


0 

0 

0 

0 

RB-IO 

0 

0 

0 

0 

0 


0 

0 

4 

0 

0 


0 

0 

0 

0 

RB-27 

0 

0 

0 

0 

0 


0 

0 

4 

0 

0 


0 

0 

0 

0 

RB-21 

0 

0 

0 

0 

0 


0 

0 

4 

0 

0 


0 

0 

0 

0 

RB-1 

0 

1 

0 

1 

0 


0 

0 

0 

0 

1 

0 

3 

4 

0 

0 

S. B. E. 

0 

0 

0 

0 

0 

1 

2 

0 

0 

3 

0 

0 

4 

4 

0 

0 

AB-4 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

4 

4 


For the agglutination tests the following dilutions of serums were used, 1:20 
1:40, 1:80, 1:160, 1:320, 1:640, 1:1280, 1:2560. 4 = Complete agglutination 
with sedimentation; 3 = agglutination and sedimentation with slight turbidit}'; 
2 = agglutination without sedimentation, 1 = slight agglutination, 0 = no 
agglutination. 

RB = Rheumatic fever strains; AB = Chronic infectious arthritis strains; 
S. B. E. = Subacute bacterial endocarditis. The larger groups are indicated 
with rectangles. 
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that appear to be closely related to it, though they fail to show com- 
plete agglutination reactions. The immune serum of hemolytic 
streptococcus, RB-2, produced little or no agglutination of any of the 
other rheumatic fever strains, but strongly agglutinated the strain 
AB-4 from a case of chronic infectious arthritis. Likewise, there 
was no agglutination between the immune serum of strain AB-4 
and the rheumatic fever strains, except the hemolytic streptococcus 
RB'2. These two strains appeared to be biologically identical. Two 
of the immune serums gave a complete cross-agglutination and 
three a partial agglutination with the strain of streptococcus viridans 
recovered from a case of subacute bacterial endocarditis. 

One of the most interesting features brought out in the agglutina- 
tion studies was the close biologic relationship between the strepto- 
cocci isolated from the blood and from the joints of the same patient. 
From three of the patients in this series, streptococci have been 
recovered from both the blood and the joints, and in every instance the 
strain recovered from the joint showed a high degree of cross-agglutina- 
tion with the strain recovered from the blood. 

It is also significant that in the case of patient B-400, two blood 
culttires, taken nine days apart, yielded streptococci that cross- 
agglutinated. 

Absorption Tests . — ^Absorption tests were carried out on each im- 
mune rabbit serum with the strains that showed complete agglutina- 
tion, and in several instances where there was only partial agglutina- 
tion. The method was as follows: 

The sediment from 300 c.c. of a 24-hour broth culture of a streptococcus was 
mixed with 0.5 c.c. of a 1:10 dilution of the immime serum. The mixture was 
shaken and placed in the water bath for two hours at 56 deg. C. WTiile in the 
water bath, it was agitated at frequent intervals. It was then placed in the 
ice-box overnight. In the morning, the mixture was centrifugalized and the 
supernatant fluid removed. Agglutination tests were set up, using the same 
dilutions as in the original agglutination tests. Controls were carried out with 
unabsorbed serum and normal rabbit’s serum. All the tubes were placed in the 
water bath at 56 deg. C. for two hours. After standing in the ice-box overnight 
readings were made. 

Complete absorption occurred in practically every case where there 
had been complete agglutination (Table 8). In the group containing 



636 


BACTERIOLOGY OF RHEUMATIC FEVER 


TABLE 8 


Ahsorpiiof! Tcsls 

Amount of Ag^utination of Streptococcal Strains 7viih Scrums of 11 hnmtinizei 
Rabbits before and after Absorption of Agglutinins 



In the absorption tests, the following dilutions of serums were used for the 
agglutination reactions; 1:20, 1:40, 1:80, 1:160, 1:320, 1:640, 1:1280, and 
1:2560. 4 = complete agglutination with sedimentation; 3 = agglutination 
and sedimentation with slight turbidity of the broth: 2 = agglutination without 
sediment; 1 = slight agglutination; 0 = no agglutination, 

Un. =I7nabsorbed serum. A. ^Absorbed serum. 
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ten homogeneous strains, the agglutinins in the homologous immune 
serums were completely absorbed in every instance. This establishes 
the identity of these strains. The smaller groups indicated in the 
agglutination table can also be identified in the absorption table. (See 
absorption reactions with immune serums, RB-22 and RB-16.) 

Relation of Streptococci Recovered from the Blood to Streptococci Isolated 

from the Joints 

In 7 rhemnatic fever patients who were subjected to joint cultures, 
5 yielded a streptococcus, in every instance of the alpha or viridans 
type. In 4 of these 5 patients, streptococci culturally identical with 
those recovered from the joints were recovered from the blood cul- 
tures. Unfortunately one of the bloodstream streptococci was lost 
in subcultures. In the remaining three cases in which streptococci 
were isolated from both the blood and the joint, agglutination and 
absorption tests have showed them to be biologically identical 
(Tables 7 and 8). It appears from these findings that the joints in 
rheumatic fever are actually infected, and that the streptococcus 
responsible for the infection is the same strain that circulates in 
the blood. 


DISCUSSION 

In reviewing the literature dealing with the bacteriology of rheu- 
matic fever, it has been pointed out that the results obtained by 
different investigators who have cultured the blood and the joints 
in this disease have varied from entirely negative results to a high 
percentage of positive results- It is significant, however, that when 
the results have been positive, the organism isolated has almost 
invariably been some form of streptococcus. That the problem is 
one almost entirely of technic is evident from a comparison of our 
own results in the Spring of 1928 with our results in the Spring of 
1929. In 1928 the percentage of blood cultures positive for strepto- 
cocci was 31 per cent. In the 1929 series, the percentage of positive 
streptococcus blood cultures was 83.9 per cent. If one goes still 
further and asks: What are the essential factors in the successful 
cultivation of streptococci from the blood and joints in rheumatic 
fever, the answer is not easy. Most important of all are technical 
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competence and experience, obtained preferably by work with 
streptococci. The first generation of these micro-organisms on 
artificial media is cultivated with great difficulty. Something is 
present in the medium which retards growth to a marked degree. 
In blood agar plates deep colonies are easily overlooked with the 
naked eye, and much help will be derived from a magnifying lens. 
As for the culture medium itself, an accurate titration of the pH. to 
7.6 is important. Just how much of a factor is tlie particular beef- 
heart, tap water or peptone employed we are not prepared to say. 

The organisms which have been isolated from the blood and joints 
in this series of cases appear to differ in no respect from those 
recovered by previous investigators. All but two strains have been 
classified as alpha streptococci (Str. viridans) ; one strain was classi- 
fied as a beta streptococcus (Str. hemoly ticus) ; one strain had no 
effect whatever on blood agar and was classified as a gamma strep- 
tococcus (Str. anhemoly ticus). The amount of methemoglobin pro- 
duced by the alpha streptococci varied considerably with the strain, 
some strains producing only a small amount. Even in these latter 
strains, however, a slight degree of hemolysis was produced on blood 
agar plates after 48 hours of growth, a characteristic which prevented 
our confusing them with gamma streptococci. 

In this connection, a word should be added as to the bearing of the 
results herein reported on the work of Small (18) and of Birkhaug (21). 
Both of these investigators had their interest in the indifferent or 
gamma streptococci first aroused by the recovery of such an organism 
from the bloodstream of a patient with rhemnatic fever. Small 
called his organism the “streptococcus cardioarthritidis;” Birkhaug 
referred to his strain as a “non-methemoglobin-fonning” streptococcus. 
The evidence presented by these investigators in favor of the in- 
different streptococcus as the exciting agent in rheumatic fever was 
based not so much on the successful recovery of this organism from 
the blood, joints and other lesions of rheimiatic fever as it was on the 
frequent cultivation of gamma streptococci from the tonsils, tliroat 
and feces of patients with the disease. Hitchcock (22), however, 
has recently shown that indifferent streptococci are as frequent 
inhabitants of the throats of nonrheumatics as of rheumatic indivi- 
duals. In our experience, as well as in that of other investigators who 
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have cultivated streptococci from the lesions of rheumatic fever, the 
streptococcus viridans plays a much more important role than the in- 
different streptococcus. It is true that a number of the strains which 
we have classified as alpha streptococci might have been placed in the 
gamma group by other investigators. The criteria which we have 
emplo 3 ’-ed compelled us to assign these organisms to the alpha group. 
The possibility, of course, of mutations from one form of streptococcus 
into the other must not be overlooked. 

It appears from this and preidous studies, then, that various types 
of streptococci can act as excitants in rheumatic fever. Even the 
hemolytic streptococcus occasionally induces the symptoms and 
lesions of the disease. (See case B-375 in this series and one case in 
Clawson’s series.) 38 strains of streptococcus viridans recovered from 
our series of patients ivith rheumatic fever have been found by 
agglutination and absorption tests to fall into a number of biological 
groups. The incidence and significance of these various groups will 
have to be determined by finther study. 

In our previously published studies on the bacteriology of the 
blood and joints in chronic infectious arthritis (20), it was shown by 
appropriate cultural and agglutination tests that the strains of 
streptococci isolated from affected joints were in each case culturally 
and biologically identical with the strain isolated from the patient’s 
blood. The same holds true with respect to the streptococci obtained 
from the blood and joints in rheumatic fever. The serum of rabbits 
hmmmized against a streptococcus of blood cultmre origin has in every 
instance cross-agglutinated the streptococcus obtained by joint punc- 
ture in the same patient, and the degree of agglutination has been 
practically the same for the two strains. 

The demonstration of streptococci in the blood and joints of a high 
percentage of patients ivith acute rheiunatic fever makes it possible 
to draw certain analogies between this disease and other forms of 
arthritis, particularly gonococcal arthritis and infectious arthritis. 
In both these latter infections, a primary focus acts as a nidus for 
pathogenic bacteria which under certain circumstances break into 
the bloodstream and become localized in the joints where they set up 
metastatic infections. It has long been known that such a sequence 
of events takes place in gonococcal arthritis. In a recent study on 
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the role of the streptococcus in dironic infectious arthritis (20), 
we have presented evidence which goes far to show that a similar 
mechanism is at work in dironic infectious arthritis. From the find- 
ings reported in the present investigation it appears that rheumatic 
fever, at least in its acute stage, is a bacteremia and that streptococci 
circulate in the bloodstream and establish multiple secondary foci of 
infection in and about the joints. 

During the last few years the role of allergy in the pathogenesis of 
rheumatic fever has been studied by Swift, Birkhaug, Zinsser and 
others, and much that is new and interesting has been added to our 
knowledge of this disease. Undoubtedly allergy plays an important 
part in rheumatic fever, just as it does in tuberculosis, sypliilis and 
other infections. It is highly probable that patients infected with 
the rheumatic fever organism do not develop joint manifestations 
until a certain degree of susceptibility to this organism has been 
attained. Swift (23) points out, for example, that patients with 
rheumatic fever show a marked tissue reaction to streptococcus 
antigen, whereas patients with subacute bacterial endocarditis do 
not show the same state of reactivity to streptococci. During the 
hypersensitive state joint S3miptoms develop. On tlie other hand, in 
bacterial endocarditis, tissue immunity has been acquired and acute 
joint manifestations are rarely seen. Important, however, as these 
allergic phenomena are to a proper understanding of rheumatic fever, 
the fact must not be lost sight of that the demonstration of strepto- 
cocci in the blood and in the joints of rheumatic fever patients pro- 
vides convincing evidence that acute rheumatic fever is a bacteremia 
and that the joint manifestations are true infections differing in no 
essential respect from the metastatic joint manifestations observed in 
other bacteremias. Allergy undoubtedly exercises an important in- 
fluence on the clinical manifestations of this infection. In both 
rheumatic fever and in bacterial endocarditis green streptococci are 
circulating in the bloodstream. In the former disease many joints 
become infected. In the latter disease, though the bloodstream 
usually contains more streptococci than are encountered in rheumatic 
fever, the joints remain free from infection. It is reasonable to 
suppose, therefore, that in rheumatic fever the patient’s tissue is 
allergic to streptococci, while in infectious endocarditis the tissues 
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are immune to these organisms. A state of allergy toward the 
streptococcus, however, will probablj’’ not in itself induce the lesions 
or joint manifestations of rheumatic fever without the concomitant 
presence of streptococci. It is significant that vascular lesions and 
joint manifestations closely resembling those of rheumatic fever in 
man have been produced experimentally by several investigators by 
injecting streptococci of rheumatic origin into the ear veins of rabbits. 
So far, however, no one has produced the lesions or the joint manifes- 
tations of rheumatic fever in animals by the injection of streptococcus 
allergens. 


SUmiARY AND CONCLUSIONS 

1. During the Spring of 1928, 29 patients with acute rheumatic 
fever were subjected to blood cultures, of whom 9, or 31 per cent, 
yielded a streptococcus. During the Spring of 1929, 31 patients with 
acute rheiunatic fever were studied by blood cultures, of whom 26, or 
83.9 per cent, yielded a streptococcus. The higher percentage of 
positive cultures in the 1929 series appears to have been due to 
improved cultural methods. 

2. Of the 35 strains of streptococci recovered from blood cultures, 
33 have been classified as alpha streptococci (Str. viridans) ; one as a 
beta streptococcus (Str. hemolyticus) ; and one a gamma streptococcus 
(Str. anhemolyticus) . Some of the viridans strains produced very 
little green on blood media. 

3. Agglutination and absorption tests indicate that the strains of 
streptococcus viridans recovered from the blood of patients with 
rheiunatic fever show a tendency to fall into specific biological groups. 

4. In 7 patients with rheumatic fever who were subjected to cul- 
tures from affected joints, 5, or 71.4 per cent, yielded a streptococcus 
viridans. In 3 patients in whom green streptococci were recovered 
from both the blood and joint, agglutination and absorption tests 
proved the identity of the strains isolated from the two sources. 

5. These findings corroborate those of previous investigators and 
make it difficult to escape the conclusion that rheumatic fever is a 
streptococcal infection usually of the alpha or viridans type. 

6. The pathogenesis of rheumatic fever in respect to the joint 
lesions appears to be analogous to that of mfectious arthritis and 
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gonococcal arthritis. Bacterial allergy probably influences the 
clinical picture in all three conditions, but in each instance the joint 
manifestations are primarily dependent upon localization of bacteria 
in the joint, with subsequent infection. 
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A report on the bacteriology of the nasopharynx in two isolated 
communities is given in this paper. The first community studied was 
in southern Alabama near the Gulf of Mesco, the second in the interior 
of Labrador. What was regarded as the normal flora was determined 
in each place. During the course of the studies, epidemics of naso- 
pharyngitis or colds occurred in Alabama and of tracheitis in Labrador. 
These outbreaks were also studied bacteriologically. 

The report embodied in this paper belongs naturally to the series 
of reports already published by Jordan, Park, Bloomfield, Noble and 
others on the nasopharyngeal flora in health and disease. The earlier 
studies were carried out in large popidation centers in which the 
environmental factors are numerous and uncontrollable. 

In an effort to minimize the extraneous factors, we undertook the 
study of isolated conummities, where life is simple, outside contacts 
infrequent, and environmental factors more accurately determinable 
and controllable. 


Methods 

The method pursued was that of taking nasopharyngeal swabs by means of 
West tubes. The swabs were drawn from the glass tube ■with sterile forceps and 
placed in tubes containing 5 per cent blood hormone broth. \\Tien cultures were 
taken at a distance from the laboratory they' were placed immediately' in a water- 
jacketed container at 37°C. for transport. Usually the tubes were incubated at 
37°C. for three hours in order to secure uniform incubation periods independent 
of transportation times and to suppress the Gram-negative cocci as well as to 
promote growth of pneumococci and Pfeiffer bacilli if present in small numbers. 

643 
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After the preliminar}'' incubation, the swabs were whipped vigorously in the 
medium and discarded. A loopful of blood broth was streaked on 3 to 5 per cent 
blood agar plates which were incubated for 36 to 48 hours. Representative type 
colonies were fished from the plates and the percentage of each tj-pe of colony 
present was estimated. The identification procedures were those in common use. 

The liquid medium employed consisted of hormone broth (Fisk and Burk 3 '(l)). 
In Alabama beef infusion and in Labrador sheep hormone broth agar were also 
used as basic media. Hormone broth enriched with 1 per cent sheep serum and 1 
per cent sugar with brom cresol purple as indicator served for satisfactory fer- 
mentation tests. In Labrador the pneumococci grew slightly or not at all in sheep 
hormone broth, but the addition of 1 drop of sterile sheep serum to 5 cc. of the 
broth provided the necessary accessorj'^ substance to produce Imniriant growth. 

Rabbit, sheep and horse blood agar were emplo}'ed at various times, the most 
satisfactory being rabbit blood agar medium. All organisms commonly found in 
the nasopharjmx, particularly tlie Pfeiffer bacilli and the pneumococci, grow well 
on it. The pneumococcus colon}’- is more characteristic than on the other kinds 
of blood media. Horse blood is also satisfactory but Pfeiffer bacilli grow less well 
and pneumococci form less characteristic colonies. Sheep blood is not satis- 
factory because the Pfeiffer bacilli grow poorly on it. 

Places and Groups Studied 
Alabama 

The first study was conducted in southern Alabama from November 
1927 to May 1928. The community selected consisted of about 
twenty-five families living in small clearings in the forest along Pat- 
siliga River and named appropriately Happy Hollow. The cultures 
were taken from the school children. This district is well isolated 
from the trading centers of Andalusia and Greensville both by distance 
(20 miles) and the poor condition of the roads. The visits of the 
male adults to the more populous centers are confined to occasional 
trading visits and semiannual attendance at court, when the women 
sometimes accompany them. The children rarely go to town. The 
school teacher makes monthly visits to town to attend a teachers’ 
conference. Few outsiders visit the region. The economic status of . 
the people is poor. 

The Happy Hollow school is a well-ventilated one room frame 
building, heated when necessary by a wood-burning stove. It seats 
without crowding its twenty-three pupils whose ages range from six 
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to sixteen. All children and the teacher live mthin three miles of 
the school. The teacher, a capable -woman, supplied much of the 
requested information. 

Seven sets of cultures were taken at this school at irregular intervals. 
They have been divided on the basis of clinical condition into the 
following groups: 

(/) Period of Normal Health. In November and December two 
sets of cultures were taken when all members of the group were in 
normal health. 

(2) Period of Acute Colds. In January there was a marked fall in 
temperature to below freezing. This period of cold (unusual for .this 
subtropical region) continued for about two weeks, after which there 
was a considerable rise in temperature. At about this time the teacher 
returned from a week-end -visit to Andalusia, where, according to her 
statements, she acquired a cold which was so severe that she likened it 
to influenza, which she had had during the epidemic period of 1918. 
The first cultures in this period were obtained about three days after 
her return. At this time four children also had colds that had 
developed during the preceding few days. One week later every 
person in the school had a cold, and another set of cultures was taken. 
One week later another set was taken. At this time a few indi-viduals 
had recovered, but the great majority had coughs with varying 
amounts of nasal discharge. 

(3) Period of Recovery. One set of cultures was obtained during 
March, one month after the cold epidemic had reached its height. 
At this time every one seemed normal. In April another set of 
cultures was seemed, at which time every one complained of a slight 
cold. The teacher expressed the opinion that these colds were chronic 
and had existed in slight or moderate degree since the epidemic. For 
this reason this group of cultures has been given the foregoing title. 

The bacteriolo^cal results have been smnmarized in Table I and 
charts I to VII and -will be discussed in conjunction -with the findings 
in Labrador. 


Labrador 

The second study was carried out during July, August, and Sep- 
tember at Northwest River, Labrador, a Hudson Bay Company 
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trading post of about 150 inhabitants, situated at the mouth of North- 
west River, where it flows into Lake Melville. The only contact that 
this community has with the outside world is through Rigolet, 100 
miles away on the sea coast, where the mail boat calls about once in 
three weeks during the summer months. Once during the winter a 
driver with his dog team brings the mail in over the ice. 

The climatic conditions at Northwest River are delightful during 
the summer months. They resemble most nearly those of Alabama 
during the month of November. The temperature rarely exceeds 90°F. 
and only in September did the minimum temperature fall to freezing. 
The humidity remains consistently low except just before heavy rain- 
falls. 

For purposes of comparison and discussion the people at Northwest 
River were divided into the following groups. 

Transient. This group was small (about fifteen) and was composed of sununer 
visitors to Northwest River -who came in with the first mail boat at the end of 
June. The majority of this group were Americans and English who came directly 
from their home countries. Only “normal” cultures were obtained from this 
group. 

Permanent. About ten of this group are whites of American and European 
extraction who are connected either with the Grenfell Mission station or the 
Hudson Bay Compan}" and who spent the preceding winter at Northwest River. 
Only “normal” cultures were secured from this group. 

The remainder, and the great majority, of this group is composed of so-called 
natives. They are a mixture of white and Indian with an occasional trace of 
Esquimo blood. Their main occupation is trapping, and their economic status is 
poor. As a result their diet is largely limited to bread, molasses, fish — fresh or 
salt — and salt meat. Fresh vegetables are practically unknown. The health of 
the community, despite the pioneer conditions of living, is good. Tuberculosis 
of the acute fulminating type is the outstanding acute disease. Pneumonia is 
rare, and when it does occur is mild. In the influenza epidemic of 1918, tlie 
mortality was high. A minor epidemic of influenza occurred in March, 1928, 
with no fatalities. Childhood diseases such as measles, mumps, whooping cough, 
scarlet fever, and diphtheria are practically unknown. 

Indian. During the early summer the population of Northwest River was 
increased by the appearance of about 150 Montaignais Indians, who came to trade 
with the Hudson Bay Company and receive the ministrations of the Roman 
Catholic priest. The contact of the Indians with the remainder of the population 
was slight, and for this reason the}’ have been grouped separately. 

The economic status of the Indians is even poorer than that of the natives. 
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They arc a nomadic race li\dng in tents, and their diet is even more restricted than 
that of the natives. They are subject to about the same diseases as the natives, 

Cdld^. Shortly after the arrival of the summer visitors a few cases 
of colds of moderate severity developed among the native and Indian 
populations. Only four of the natives were considered as having 
“bad colds.” The Indians spoke no EngUsh and visited the laboratory 
for amusement with a variety of complaints. Thus the classification 
of ''normal" and "colds" in this group is somewhat confused. Those 
listed as normals were persons with no complaints referable to the 
respiratory system, but it is difficult to be sure whether or not all in 
the cold group actually had colds. 

Tracheitis and Contacts. In the latter part of August, after the 
departure of the Indians, a definite epidemic of tracheitis developed 
which afltected practically every one 'in the community in greater or 
lesser degree, with the exception of the white Grenfell Mission staff 
and ourselves. Cultures were ojjtained from the native population 
only, and were divided into two groups; those with the disease at the 
time of examination and those hsted as “contacts,” who were exposed 
intimately to the disease or who developed it within a few days after 
the cultures were taken. Because the appearance of this disease was 
coincident with the arrival of outsiders from a place where so-called 
influenza was epidemic, and coincident also with the appearance of 
Pfeiffer bacilli in the community, the bacteriological findings will be 
discussed when the Pfeiffer bacilli are considered. They are sum- 
marized in Table I and Graphs I to VII. 

Discussion of Findings 

Groups of Organisms. The bacteria found have been classified 
under the headings seen in the table and the graphs. None of these 
groups requires any special mention except the intermediates, composed 
of Gram-positive diplococci or streptococci, producing green or viridans 
hemolysis on blood agar plates. The intermediates do not, however 
fall definitely either into the green streptococcus or the pneumococcus 
groups but occupy a midway position, if the classification is based on 
colony formation, morphology, inuhn fermentation, and bile solubiUty. 
Since the classification of these organisms is indefinite and since they 
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are not characteristic pneumococci, they have been recorded sepa- 
rately, and grouped also with the typical green streptococci. 

In recording the occurrence of the various types of organisms on the 
blood agar plates, an estimate of tlie percentage of each type present 
was made. The estimates were recorded in multiples of five, and the 
least estimate was five per cent. The percentage figures for each type 
of organism in an}"^ group of individuals were then added together 
and divided by the number of examinations made. The resulting 
figure has been termed the “bacterial group incidence” and represents 
a figure which would presumably be secured, theoretically at least, by 
pooling all of the nasopharyngeal swabs from one group of indiwduals 
and streaking tlie pooled emulsion upon one gigantic blood agar plate. 
Since the persons in each group come into close contact, and their 
states of health are so similar, the bacterial group incidence figures may 
be assumed to represent the relative numbers of bacteria present in, 
as it were, a community throat. 

Using this method a figure is obtained, the accuracy of which is 
undoubtedly open to criticism on technical grounds. When prelimi- 
nary incubation was used, some groups of organisms were suppressed 
and others favored, besides whicli variations in plating technique, and 
in estimation of percentages of organisms must occur, as well as other 
technical errors. However, it is believed that these variations and 
errors are more or less constant and tend to balance one anotlier and 
that the percentage figure obtained by tlie method cited above 
represents a fairly true mean of what may be found in one group of 
individuals, and is of value in comparing the findings in one group 
with that in another or the same group in a different state of healtli, 
provided that minor differences in figures are disregarded. Therefore 
in discussing the “bacterial group incidence” only such differences as 
have been found statistically significant will be considered. 

The bacterial group incidence data are imperfect in that they do 
not show the distribution of organisms in individual throats. Blood 
agar plates from some individuals in a community showed large 
numbers of a given organism; others showed few or none. In order 
to indicate this individual variation we have computed the mean and 
the standard deviation for each organism and for each series of persons 
studied. See Table I, 
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The incidence of any given organism in individual throats is shown 
in the graphs. For example, in Graph I — Gram-negative cocci — we 
have indicated the total percentage of persons in each series harboring 
this type of organism. We then subdmded the positive cases into 
four groups on the basis of the proportional number of this particular 
type of organism found on the individual blood agar plates. Thus in 
the series of Alabama normals, on first examination, 100% of the 
persons showed gram-negative cocci, over one fourth (27%) of these 
persons had from 1-25% of gram-negative cocci in relation to all other 
organisms, 37 per cent of tlie persons showed 26 to 50% gram-negative 
cocci, 22% showed 51 to 75% of these organisms, and in the remaining 
14% of the positive cases from 75 to 100% of the total flora were 
gram-negative cocci. See Graph I. 

The findings for the “staphylococci,” “hemolytic streptococci,” and 
“others” have not been represented grapliically because of tlie rela- 
tively small numbers of these organisms found. 

During the course of this study various individuals have been 
examined for the presence of filter-passing anaerobic organisms. The 
results will be presented in another report. 

Gram-Negalive Cocci, (Table I, Chart I). During the study con- 
siderable variation in colony fonnation, pigment production, and 
action on sugar media of the same strains of organisms in tins group 
h^ve been noted. Recently Wilson and Smith (2) have reported at 
length on such variations and concluded that the members vary from 
time to time, and they suggest that for tlie present, at least, the 
members, with the exception of the meningococci, be classified as 
belonging to a large variable group and no attempt be made to divide 
them into species on the basis of the above-mentioned factors. For 
this reason we have made no effort to divide the members of this type 
into species. We found no meningococci. 

The bacterial group incidence is fairly constant in all of the persons 
studied except the Alabama normals. The relatively large numbers of 
gram-negative cocci present in the nasopharynx of the normal persons 
studied in Alabama may be due to the fact that blood agar plates were 
inoculated directly with the swabs without giving them a preliminary 
blood broth incubation. The individual incidence is about the same 
in all the persons studied. During the periods of acute infection 
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there is a tendency to suppression of the organisms. This fact 
suggests that the Gram-negative cocci play no part in the acute 
respiratory infections. 

Staphylococci. (Table I). The types found were S. albus and S. 
aureus and in Labrador an occasional S. ciireus. A few of the S. albus 
and S. aureus strains were hemolytic. 
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Chart I 


The bacterial group incidence of these organisms is low, in normal 
persons small numbers being found in about half of the individuals 
examined. During infection the incidence rose slightly, though there 
was not a constant distribution. A few individuals harbored large 
munbers and in the remainder staphylococci were entirely absent. 
During the recovery period in Alabama, almost pure cultures of staph- 
lococci were recovered from certain individuals with chronic colds. 

Pfeiffer Bacilli. (Table I, Chart II). This group of orgarusms is 
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composed of Gram-negative rods requiring some accessory factors for 
growth and includes the para and hemoI)'-tic strains. 

The bacterial group incidence in Alabama increased with the appear- 
ance of the cold epidemic as it did in Labrador with the appearance 
of the tracheitis epidemic. In Alabama, however, tlie highest inci- 
dence was found one month after the epidemic had readied its peak. 
In Labrador it was not possible to determine whether or not the 

m rifciDsscE or iktuteuza bacilu n m Msomstxcm. rtou 
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Chart II 

highest inddence occurred sometime after the epidemic abated, 
because of the discontinuance of this study just at the end of the 
epidemic. In general, the individual incidence rose parallel with the 
bacterial group incidence. 

During normal periods, particularly in Labrador, the majority of 
the Pfeiffer strains wliich were recovered were either para or hemo- 
lytic in type. During periods of infection there appeared large 
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numbers of true Pfeiffer bacilli, e.g. non-hemolytic strains requiring 
both V and x substance for their growth. Most of them were of the 
indol-forming type. The numbers of para strains recovered remained 
about constant at all times, while during epidemics there was a 
marked increase in the number of strains of true Pfeiffer bacilli 
recovered. This phenomenon was noted by Park (3) and his 
co-workers. 

In Labrador the association of Pfeiffer bacilli with the outbreak of 
the tracheitis epidemic was so conspicuous that the following detailed 
story of the epidemic is included at this point. 

During the latter part of July an epidemic of acute respiratory disease appeared 
in Cartwright and other coastal settlements over one hundred miles away. The 
cases were characterized by acute onset, prostration, bone aches, and fever of about 
five days’ duration. Many patients remained prostrated for two or three weeks 
after other s 3 miptoms disappeared. The cases were diagnosed as “influenza” by 
the three physicians of the Mission hospitals on the coast. 

The mail boat arrived in Northwest River from the coast on August 8, bringing 
from Cartwright a child of nine years, who probably had just recovered from an 
attack of “influenza.” Her contacts after arrival in Northwest River were few, 
and apparently no secondary case occurred from contact with this child. On 
August 9, two natives returned from a trip to the coast. One had caught a sh'ght 
cold in Indian Harbor following association with deep sea fishermen. The man 
with the cold lived on the south bank of Northwest River and had little contact 
with the community. The day following his return, his wife had a chill and 
headache and came to the laboratory on the 15th complaining of a cold. Her 
only sjmiptom was sore throat, and cultures showed no Pfeiffer bacilli. 

On August 15 an English clergyman arrived from Cartwright and brought the 
first news of the influenza epidemic. He had been closely associated with it but 
had not been iU. Cultures of his nasopharynx taken one hour after acrivalshowed 
about ten per cent Pfeiffer bacilli. Otherwise, the flora was s imila r to that of the 
local inhabitants. During the next two days he visited all of the houses in the 
village and on August 16 held a communion service which was attended by prac- 
tically every one in the village. 

The results assembled under “contacts” were obtained during the next few days. 

On August 18 the native who returned in good health from Indian Harbor 
awoke with a headache and a tickling senation in the throat, localized by h im 
as just below the larynx, and accompanied by a dry unproductive cough. Two 
days later his wife developed an illness with the same onset. The infection spread 
rapidly, and by September 4 practically every one in the village had had a similar 
attack. Individuals reacted differently, but general tendencies were noticeable. 
In children, the irritation and cough continued for several weeks and were much 
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worse at night. The younger adults w2io had the attack earlj' in the outbreak 
recovered rather promptly with few or no other symptoms. Those who were 
attacked later in the outbreak had the usual onset, but two or three days later had 
what may be best described as violent head colds with prostration and fever of 
several days’ duration. The older adults were entirely unaffected. Upon our 
departure on September 1 7 numerous cases of the head colds persisted, but in general 
the epidemic could be said to be subsiding. 

In summarizing the facts of this outbreak it can be said that follow- 
ing the arrival of a potential carrier or carriers of "influenza organisms” 
directly or indirectly from Cartwright, where tliere had been an 
influenza epidemic, there occurred an epidemic of tracheitis at North- 
west River. The most probable carrier of the organism was the 
clergyman who harbored Pfeiflfer bacilli in his nasopharynx on arrival. 
Coincident with the epidemic, (in Northwest River), there was a 
statistically significant increase in the bacterial group incidence and 
the individual incidence of true Pfeiffer bacilli in the community. 
See Chart II and Table I.) 

Hemolytic Streptococci. The types of organisms found in Alabama 
were St. pyogenes, St. anginosus, and St. infrequens (according to 
Holman’s classification). The only type found in Labrador was 
Si. pyogenes, of a low virulence for mice. 

Few persons harbored members of this group and in these persons 
the numbers of organisms present were small. In Alabama these 
organisms were found only during the cold epidemic, and in Labrador, 
with one exception, only at the time of the tracheitis epidemic. In 
Labrador the streptococci were found in the nasopharynx of indi- 
viduals who had impetigo, from the lesions of wliich similar strains of 
St. pyogenes of low virulence were recovered. These persons were all 
examined one or more times before the onset of the epidemic, and the 
hemolytic streptococci were not found in the nasopharynx until after 
the outbreak. These findings suggest that the hemolytic streptococd 
play the role of a secondary invader and resemble in this respect the 
staphylococci. 

Indiferent Streptococci. (Table I, Chart III). In this group are 
included Gram-positive cocci, usually in short chains with a char- 
acteristic colony formation, that do not act upon blood and that 
almost invariabty ferment inulin. Upon lactose and salicin the action 
is variable. 
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This type of organism was not found during the normal period in 
Alabama. Early in the cold epidemic a few strains were found in an 
occasional individual and were then present in small numbers only. 
In Labrador, on the contrary, the organisms were present in moderate 
numbers and in the great majority of persons examined and constituted 
apparently part of the normal flora. 

A small series of observations made upon the members of the tran- 
sient group of persons at Northwest River indicates that the indifferent 
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streptococcus was implanted in these persons after their arrival at 
Northwest River, and became a part of their normal flora. These 
persons were examined ten days after their arrival and showed no 
indifferent streptococci. Second and third examinations of these 
individuals were made later during the summer and with each examina- 
tion increasing numbers of indifferent streptococci were recovered. 

Green Slreplococci, Inlermediales, and Pneumococci. (Table I, 
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Charts IV, V, VI, VII). Because of the cultural relationships of these 
organisms they -will be discussed together. The t}’p,es of green strepto- 
cocci and the order of frequency with which they were found were 
St. salivarkis,, St. iniiis, St. cqiiimts, St. ignavus and St. fccalis. The 
last was found rarely. St. salivarkis was the most common while 
St. cquinus and St. ignavus were found occasionally in each group. 

The “intermediates” were organisms which resemble both pneumo- 
cocci and Si. viridans. Their fermentation reactions are, as a rule. 
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like those of St. salivarkis, but in addition they fermented inulin. The 
colony formation and the morphology in smears was such as to suggest 
the pneumococcus. These strains were usually partially bile soluble. 
This group also includes strains that were typical green streptococci 
except that they were bile soluble. The outstanding type of this 
group showed characteristic green colonies and morphology, did not 
ferment inulin, and in broth grew in a mass at the bottom of the tube. 
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This mass when broken up did not emulsify smoothly, but formed 
large flakes which were bile soluble. The members of this group that 
were tested were not virulent for mice. 

The organisms classified as pneumococci were typical in colony 
formation, morphology, inulin fermentation, and bile solubility. In 
Alabama, virulence tests were not made, but in Labrador a sufficient 
number were carried out to show that the organisms were compara- 
tively avirulent to white mice. 
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The green streptococci were obviously normal inhabitants of the 
nasophar3mx. With the onset of an “infection” there was a diminu- 
tion in numbers in the affected person with complete suppression in a 
few individuals. (See Chart IV.) 

The intermediates were found in all groups, and in general, as thq^ 
appeared, the green streptococci di m i ni shed. Whether this reciprocal 
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relation is due to errors in detecting colonies for identification and in 
estimating the numbers present^ or whether the disappearance of the 
green streptococci is accompanied by a definite increase in the inter- 
mediates, was not determined definitely. 

Examinations during the normal period in Alabama gave few or no 
intermediates. When the cold epidemic first appeared in Happy 
Hollow school the green streptococci were suppressed and the inter- 
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mediates appeared in numbers equivalent to the missing green 
streptococci. At the height of the epidemic, the intermediates had 
disappeared while the green streptococci returned to approximately 
their previous numbers. Coincident with the disappearance of 
the intermediates there was a significant rise in the number of pneu- 
mococci found. 

Pimmwcoccus. (See Chart VII.) In Alabama the pneumococcus 
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was not found during the normal period. Coincident with the 
appearance of the epidemic of colds, pneumococci were found in con- 
siderable numbers, the incidence being highest at the height of the 
epidemic. At the end of the epidemic the pneumococci disappeared. 

In Labrador, on the other hand, pneumococci made up a large part 
of the normal flora. The transient population showed the lowest 
incidence, the trappers a relatively high incidence, and the Indians the 
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highest of ail. In fact, the predominating organism in the throats of 
the normal Indians was a pneumococcus, type IV, of low virulence to 
mice. No colds occurred among tlie transient group, but in those 
individuals from both Indian and permanent groups who had sporadic 
colds there occurred no increase in the incidence of pneumococci. The 
epidemic of tracheitis, which affected the permanent population after 
the nomadic Indians had left the Post, was not accompanied by an 









660 


NASOPHARYNGEAL ELORA IN HEALTH AND DISEASE 


increase in pneumococci. If the Indians are considered as the group 
furthest removed from civilization it follows that the pneumococcus 
becomes increasingly a part of the normal flora in Labrador as ci\aliza- 
tion is left behind. Yet pneumonia is rare in these regions both among 
the trappers and the Indians and when it occurs it is seldom fatal. 

Other Organisms. In this classification we have included a miscel- 
lany of types of organisms, none of -which was found with any regu- 
larity or associated with any pathological condition. The outstanding 
forms were diphtheroids, large Gram-negative rods, and strains of 
small Gram-positive cocci wMch produced no, or slight, traces of 
viridans hemolysis when grown in mass cultures on blood agar plates. 
Some of the latter strains slightly fermented dextrose, others fermented 
no sugar whatever. In colony formation these cocci resembled the 
indifferent streptococci and would have been so classified but for the 
traces of hemolysis and their inactivity in sugar media. 

Comparison of Findings with the Results of Other Investigations 

In comparing tlie results of the present investigation with those 
obtained by others, several rather well-established facts have been 
confirmed. The Gram-negative cocci, staphylococci, green strepto- 
cocci, diphtheroids, and possibly also hemolytic streptococci are 
normal inhabitants of the nasopharynx. In so far as statistical 
methods offer any proof, none of these groups of organisms was 
related to the two epidemics of colds which were studied. 

The method of reporting results adopted by Park (3) and his 
co-workers is essentially the one used in the present study and although 
the technique used by him was more elaborate the results can be com- 
pared directly. The general agreement in results leads to the belief 
that the discrepancies noted are real and not dependent upon varia- 
tions in technique. Table II compares our results with those of Park 
and his co-workers. 

The chief differences between the New York data as given by Park 
and those from Alabama and Labrador are: 

Normal Flora. Pneumococci were more prevalent in New York 
than in Alabama, whereas in Labrador pneumococci were much more 
prevalent than in New York. Pfeiffer bacilli were more prevalent m 
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TABLE n 


Comparison of Nasopharyngeal Flora in New York (Park el al.) with Alabama and 

Labrador 
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New York than in Alabama or Labrador. Indifferent streptococci 
were more prevalent in Labrador than in New York, In Alabama 
these organisms were not found in normal throats. Hemolytic 
streptococci were not as prevalent in normal throats in Labrador or 
Alabama as in New York. 

Colds and Tracheitis. An epidemic of colds in Alabama was accom- 
panied by an increase in pneumococci and Pfeiffer bacilli. Sporadic 
colds in Labrador did not change the essential picture but an epidemic 
of tracheitis was accompnaied by an increase in the prevalence of 
Pfeiffer bacilli. In New York colds were accompanied by an increase 
in Pfeiffer bacilli. 

Except for these rather striking differences, there is close parallelism 
between the nasopharyngeal flora in an isolated semitropical fanning 
community in Alabama, a remote semi-arctic trading post in Labrador, 
and New York City, 


SUMMARY 

Studies of the bacterial flora of the nasopharynx were made in 
isolated communities in South Alabama and Labrador. The basic 
flora was determined in both communities. In Alabama an epidemic 
of common colds was studied. In Labrador cases of sporadic colds 
and an epidemic of tracheitis were studied; 

Gram-negative cocci were found in nearly all normal individuals 
in moderate numbers. In pathological states there was a suppression 
of these organisms. 

Staphylococci were found in small numbers in about half of the 
normal individuals. In pathological conditions they disappeared 
from most of those affected but were found in increased numbers in a 
few individuals. 

Pfeiffer bacilli were absent or present only in small numbers in 
normal individuals. During the epidemic of colds in Alabama there 
was an increase in the number of strains recovered and an increase in 
the relative numbers of the bacilli in each throat. The highest 
prevalence was found one month after the epidemic had readied its 
height. In Labrador a similar increase was coincident with an epi- 
danic of tracheitis. During normal periods the majority of the 
Pfeiffer strains were of the para non-indol-forming type. During 
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epidemic periods the strains recovered were largely true indol-forming 
B. PJeiferi. 

Hemolytic streptococci were rarely found in normals. During 
disease prevalence periods they appeared in a small number of persons. 

In Alabama, indifferent streptococci resembled the hemolytic 
streptococci in their distribution. In Labrador they were found to be 
widely distributed in both health and disease and composed apparently 
a part of the normal flora. 

Green streptococci were found to be widely distributed in fairly 
large numbers both in health and disease. 

Intermediates, or organisms midway between green streptococci 
and pneumococci, were found in moderate numbers in each series of 
persons studied. Early in the Alabama epidemic they were present 
in large numbers in nearly aU persons. 

Pneumococci were not found in Alabama in normal individuals. 
The epidemic of colds in Alabama was accompanied by a marked 
increase in the incidence of these organisms. In Labrador pneumo- 
cocci seemed to be part of the normal flora as they were generally 
distributed throughout the community, in many instances comprising 
a large proportion of the flora of an individual’s throat. The Labrador 
strains of pneumococci were avirulent. 

A variety of other organisms such as diphtheroids. Gram-negative 
rods, and Gram-positive cocci were found in small munbers in many 
individuals both in health and disease. 
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DEVELOPMENT IN TISSUE CULTURES OF THE INTRA- 
CELLULAR CHANGES CHARACTERISTIC OF VACCINAL 
AND HERPETIC INFECTIONS 


By T. M. rivers, M.D., E. HAAGEN, M.D., and R, S, MUCKENFUSS, M.D, 
{From the Hospital of The Rockefdler Institute for Medical Research) 

Plates 29 to 31 

(Received for publication, July 10, 1929) 

In a preliminary note (1)* a method of obtaining in tissue cultures 
intracellular changes characteristic of vaccinal and herpetic infections 
was briefly described. The purpose of the present paper is to give 
a detailed report concerning this method and some of the results 
secured through its use. 

In 1906, Aldershoff and Broers (3), in order to prove that Guamieri bodies are 
not derived from leucocytes, inoculated rabbit corneas with vaccine virus, im- 
mediately removed them from the animals, and incubated them in sterile serum 
at 37°C. This method was unsuccessful, the corneas becoming contaminated 
with bacteria which in a liquid medium interfered with the work. Thereupon 
the workers altered their procedure and placed the inoculated corneas, suspended 
in physiological salt solution, in humid chambers. After incubation for different 
periods of time, the tissues were fixed, sectioned, stained, and examined for the 
presence of vaccine bodies. Guamieri bodies were foimd in corneas treated in 
this manner. 

Gins (4), in 1916, using the coverslip method for the cultivation of vaccine 
vims in comeal cells, obtained what he considered Guamieri bodies. Later (5) , 
however, he stated that the bodies observed by him m 1916 were probably not 
vaccine bodies. 

The majority of workers, including Steinhardt, Israeli, and Lambert (6), 
Harde (7), and Haagen (8), who searched for Guamieri bodies in their tissue 


* Shortly after this note was sent in for publication, one of the authors (Rivers) 
received a letter from Dr. C. H. Andrewes regarding the appearance of inclusions 
in cultures of testicular tissue infected with Virus HI. His observations and our 
findings were made independently and approximately simultaneously. A pre- 
liminary note (2) of his work appeared in Brit. Jour. Exp. Path., 1929, 10, 188. 
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cultures infected with vaccine virus, failed to find them. ■ It also appears that no 
investigator has observed nuclear inclusions in tissue cultures infected with 
herpetic virus. Andrewes (2), however, in a recent report, has described the 
appearance of characteristic nuclear dianges in testicular tissue infected with 
Virus III and cultivated in vitro. 

Intracellular changes, “inclusion bodies,” either cytoplasmic or 
nuclear, are characteristically associated witli certain virus infections 
as they occur within the living host. These alterations, although 
their exact nature has not as yet been determined, are frequently used 
for diagnostic purposes. In spite of the fact that inclusion bodies 
occur in infected cells within the host, no observer, until recently 
(1, 2) has found them in tissues infected and gro\vn in vitro. Inas- 
much as virus infections, virus immunity, and even the nature of 
viruses themselves are poorly understood, it seemed that, if it were 
possible to devise a means of securing visible evidences of virus activ- 
ity in tissue cultures, definite information might be found concerning 
many objure points in this field of work. After a number of un- 
successful attempts, the following method of regularly obtaining 
Guamieri bodies and herpetic nuclear inclusions in tissue cultures 
was evolved. 


Materials 

Viruses . — Vaccine virus and the virus of herpes simple-v were employed because 
the rabbit is equally susceptible to both. Furthermore, the vaccine virus pro- 
duces cytoplasmic changes while that of herpes induces nuclear alterations. 
Thus, one virus served as a control on the other. 

Levaditi’s neurovaccine propagated in the testicles of rabbits, and Noguchi’s 
testicular virus, were the strains of vaccine virus used. The herpetic virus chosen 
for the work was the H. F. strain isolated by Flexner and Amoss. In all experi- 
ments save one, freshly prepared virus emulsions without glycerol were employed. 
For constant results, one must conduct the e.xperiments with fresh potent virus 
to which no preservative has been added. 

Tissues . — For this work, rabbit corneal tissue was chosen because of the follow- 
ing facts: 1) rabbit comeal epithelium is equally susceptible to the viruses of 
vaccinia and herpes simplex; 2) Guamieri bodies and herpetic inclusion in cells 
of this tissue have been extensively investigated; 3) in the past, comeal cells have 
frequently been used for the in vitro cultivation of vaccine vims; 4) many studies 
concerning vaccinal and herpetic immunity within the animal have been con- 
ducted in the cornea of rabbits. 
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Procedure 

A rabbit, under light ether anaesthesia, was exsanguinated from the heart by 
means of a syringe into which 1 cc. of a 1-1,000 heparin solution for each 10 cc. of 
blood had been previously drawn. Then, to obtain a tissue extract, the spleen 
was excised, minced, added to a small amount of Ringer s solution, and centri- 
fuged. Finally, both eyes were enucleated intact, after stout silk ligatures had 
been placed around the nen'e and large vessels. 

The eyes, fixed in the grip of special forceps (Text-fig. 1) and suspended over a 
large Petri dish, were thoroughly washed with Ringer’s solution to remove as 
many contaminating bacteria as_^was possible. With a sterile cataract knife the 



Texx-Fig. 1. Manner in which corneas were scarified and infected with the 
viruses. 


eyes to be used as controls were cross-hatched (Text-fig. 1) with closely spaced 
scarifications just deep enough to penetrate the epithelial layer. Test eyes were 
treated in a similar manner with the exception that prior to each scarifying stroke 
the knife was dipped in a virus emulsion. The cornea was then removed from 
each eye and divided into 4 to 8 pieces. The pieces from test eyes were further 
inoculated by immersion in an emukion of virus for 1 to 3 hours at 37°C. 

In some e.xperiments antemortem inoculations were made. Following an 
instillation of a 2 per cent cocain solution, the corneas were scarified and inocu- 
lated in the usual manner, 1 or 2 hours later the animals were sacrificed, the 
eyes were enucleated and washed with Ringer’s solution, and the corneas were 
removed and divided into 4 to 8 pieces. 

With the plasma, spleen extract, and bits of cornea, cultures were set up. 
Into a sterile 50 cc, pyrex centrifuge tube 2 or 3 cc. of plasma were introduced, to 
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which a few drops of tissue extract were added to induce clotting. On top of 
each clot was placed 1 piece of normal or infected cornea which was then covered 
with another thin clot of plasma (1 cc.) and spleen extract (Text-fig. 2). The 
tubes, sealed with sterile corks, were placed in an incubator at i7°C. for 24, 48, 
and 72 hours. 

After incubation the clots, containing tlieir bits of cornea, were removed from 
the tubes, fixed in Zenker’s fluid, embedded in paraffin, sectioned, and stained 
according to Giemsa’s method or with eosin and methylene blue. Phloxine at 
times was substituted for eosin. Then many sections from cadi block of tissue 
were examined for the presence of characteristic inclusions. As controls for the 



A B 


Text-Fig. 2. Appearance of cultures prepared in 50 cc. pyrex centrifuge tubes. 

presence of active virus in the cultures, preparations similar to those studied 
histologically were emulsified and tested in the skin of rabbits. 

RESULTS 

Numerous observations have been made on the virus of vaccinia, 
and 2 sets of experiments have been performed with herpetic virus. 
Inasmuch as corneal tissue from adult rabbits was. used, one might 
suppose that contaminating bacteria would have interfered tvith the 
work. Many of the tubes, however, showed no evidence of bacterial 
contaminations; others contained only a few colonies of organisms 
that did not disturb the activity of the viruses; and a few were 
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sufficiently infected with bacteria to be valueless. To circumvent the 
invabdation of results by bacterial contaminants, experiments were 
always set up in duplicate and occasionally in triplicate. 

In this work Levaditi’s strain of neurovaccine produced satisfactory 
lesions more consistently than did Noguchi’s testicular virus. Al- 
though on one occasion positive results were obtained with a glyc- 
erolated virus, it seemed advisable to use a freshly prepared virus 
emulsion for each experiment. Corneas infected in vivo and in vitro 
showed excellent lesions regularly. The latter, however, were less 
frequently contaminated. 

In each experiment, bits of cornea were fixed for examination after 
24 and 48 hours of incubation. Characteristic lesions with inclusion 
bodies were found in infected tissues -after both periods of incubation. 
If the virus were very potent, however, and if the inoculation were 
highly successful, 24 hours post-inoculation was found to be a suitable 
time for examination of the tissues, otherwise 48 hours proved to be 
more favorable. Some preparations were allowed to remain at 
37°C. for 3 days. In these the infected epithelium was e^rtensively 
disintegrated and unsuitable for histological examination. 

Control tissues always revealed definite evidence of growth of 
epithelial cells in the form of new epithelium filling in the defects 
caused by scarification (Fig. 13). At times mitotic figures were 
observed (Fig. 7). Frequently the tissues appeared to be almost as 
normal as those treated in a similar manner with the exception of 
being allowed to remain in the animal. If the inoculations were 
made in vitro, the absence of leucocytes was striking. Significant 
inclusions were never seen in the controls. 

Corneas inoculated with vaccine virus showed either discrete 
lesions separated by normal tissue or a diffuse infection involving aU 
the epithelium. At the sites of infection the epithelium was thickened 
(Figs. 3, 6, 11, 14) because of an increase both in the number of cells 
and in the size of individual cells. Numerous typical Guamieri 
bodies (Figs. 8, 9, 11, 12, 14) situated in clear spaces within the cyto- 
plasm of epithelial cells were found. These intracellular changes 
occurred both in the cells present at the time of inoculation and in the 
new cells (Fig. 12) growing in to fill the defects produced in the corneal 
epithelium by scarification. On several occasions cells undergoing 
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mitosis were observed to contain vaccine bodies (Fig. 9). In addition 
to the Guarnieri bodies, smaller, irregular, basophilic structures that 
were considered to be Pasclicn bodies at times studded the cytoplasm 
of many cells. The end result of tlie vaccinal infection as studied 
under tire conditions of these experiments was a complete dissolution 
of tlie majority of the involved cells (Fig. 3). By testing the material 
on the skin of normal rabbits, active vaccine virus was demonstrated 
in the cultures exliibiting characteristic lesions. 

The herpetic virus produced striking changes in the infected corneas. 
In certain areas (Figs. 4, 15) tlie increase in the tliickness of the epi- 
thelium produced hummocks. The intracellular bridges disappeared, 
the cells were swoUen, many amitotic giant cells appeared, and numer- 
ous typical acidophilic nuclear inclusions were present (Fig. 15). 
Structures resembling Guarnieri bodies were never seen. 

DISCUSSION 

The in vitro production of pathological pictures similar to those 
caused in vivo by infectious agents has rarely been accomplished. 
Maximow (9, 10) and Lang (11), however, have reported that certain 
tissues cultivated and infected in vitro witli tubercle bacilli evince 
pathological dianges resembling those observed in infected hosts. 
In spite of the fact that the viruses of vaccinia and herpes simplex 
can be cultivated in tissue cultures, no one has been able previously 
to show definitely that characteristic cytologic'lesions of tliese diseases 
occur in such cultures. Therefore, the method described above is tlie 
first one evolved by which typical vaccinal and herpetic lesions may 
be regularly produced in tissues inoculated and cultivated in vitro. 
Rabbit corneas handled in a special manner were used for this purpose. 
In view of Andrewe’s (2) work, it seems that otlier viruses and other 
tissues may be emplo3’-ed for similar studies. The paper that im- 
mediately follows indicates that such methods offer a new means of 
studying and anatyzing virus infections and virus immunity. 

SUMMARY 

Characteristic vaccinal and herpetic lesions, including Guarnieri 
bodies and acidophilic nuclear inclusions respectively, regularly occur 
in rabbit corneas infected and cultivated in vitro according to the 
method here described. 
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EXPLANATION OF PLATES 
Plate 29 

Fig. 1. Section of a cornea immediately after in vitro scarification and inocu- 
lation. Note the breaks in the epithelial cells induced by scarification. Giemsa. 
X 155. 

Fig. 2. Section of a bit of normal cornea after cultivation for 48 hours in normal 
plasma and spleen extract. Eosin and methylene blue. X 155. 

Fig. 3. Section of a 48-hour vaccinal lesion in a cornea infected and cultivated 
in vitro. Note thickening of the layer of epithelial cells which are beginning to 
disintegrate. Compare with Figs. 1 and 2. Eosin and methylene blue. X 155. 

Fig. 4. Section of a 48-hour herpetic lesion in a cornea infected and cultivated 
in vitro. Giemsa. X 155. 

Fig. 5. Corneal epithelial cells 2 hours after inoculation with vaccine virus. 
Compare with Fig. 6. Eosin and methylene blue. X 380. 

Fig. 6. Corneal epithelial cells 48 hours after in vitro inoculation with vaccine 
virus and cultivation in normal plasma. Compare with Fig. 5. Eosin and 
meth 3 'lene blue. X 380. 
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Fig. 7. Mitotic figure in a -tS-liour corneal culture. Gienisa. X 1,000. 

Fig. 8, Section of a 48-hour corneal culture infected with vaccine virus. Note 
Guarnieri bodies and mitotic figure. . Gieinsa. X 1,000. 

Fxg. 9. Section of a 4S-hour corneal culture infected with vaccine virus. Note 
Guarnieri bodies, cell with mitotic figure and Guarnieri body, and beginning 
dissolution of the epithelial cells, Giemsa. X 1,000. 

Plate 30 

Fig. 10. Section of a cornea infected (2 hours) with vaccine virus in vivo- 
Note the defect caused by scarification. A bit of the cornea was fi.xed as a 
control immediately after removal from the rabbit. Compare witli Figs. II and 
12. Giemsa. X 380. 

Fig. 1 1 . Section of a piece of cornea similar to that shown in Fig. 10, with the 
c.\ception that it was cultivated in vitro for 48 hours. Note the difference in 
tliiclcness exhibited by the layers of epithelium in the two figures. Insert 
(X 1,000) shows a Guarnieri body in one epithelial cell engulfed by another. 
Gienisa. X 380. 

Fig. 12. Section of a piece of cornea similar to that shown in Fig. 10, with tlic 
c.xception that if was cultivated in vitro for 48 hours. Note that the defect in 
the layer of epithelial cells has been filled in with new cells, many of which contain 
Guarnieri bodies. Insert ( X 1,000) shows a Guarnieri body in one cell engulfed 
by another. Giemsa. X 700. 


Plate 31 

Fig. 13. Section of a bit of normal cornea cultivated for 48 hours in normal 
plasma and spleen extract. Note growth of cells filling in defects caused by 
scarification. Eosin and meth^dene blue. X 225 and X 1200. 

Fig. 14. Section of a 48-hour culture of a vaccine virus infected cornea. Note 
the thickening of the layer of epithelial cells, many of ivhich contain vaccine 
bodies, Giemsa. X 225 and X 1200. 

Fig. is. Section of a 48-hour culture of a herpes virus infected cornea. Note 
hummock formation, amitotic giant cells, and acidophilic nuclear inclusions, 
Giemsa. X 225 and X 1200. 
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A STUDY OF VACCINAL BIMUNITY IN TISSUE CULTURES 

ByT. I^r. RITORS, M.D., E. HAAGEN, M.D., and R. S. MUCKENFUSS, M.D. 

(Fro?n the Hospital of The Rockefeller Institute for Medical Research) 

(Received for publication, July 10, 1929) 

In the preceding paper (1) a method of obtaining in tissue cultures 
visible evidences of infection with vaccine virus was described; The 
method is applicable to the study of certain phenomena related to 
vaccinal immunity, and the present communication deals with in- 
formation secured in this manner. 

For the investigation of various immunological problems, tissue cultures or 
tissue culture methods have been employed by Carrel and Ingebrigtsen (2), 
Przygode (3, 4), Foot (5), Hadda and Rosenthal (6), Lambert and Hanes (7), 
Bloom (8), Shwartzman- (9, 10), Meyer and Loewenthal (11), Loewenthal and 
Micseh (12), and others. Such methods have also been used in experimental 
work on virus immunity. Steinhardt and Lambert (13) attempted to grow 
vaccine virus in cultures o£ normal corneal epithelium embedded in antivaccinal 
plasma. VTien these cultures were emulsified and inoculated on the skin of a 
rabbit, no virus was demonstrable. Later, Harde (Steinhardt) (14) reported the 
results of additional work. She found that cultures of normal or immune corneas 
in antivaccinal plasma did not support the growth or survival of vaccine virus, 
while preparations of immvme corneas in normal plasma were less “lytic” for the 
virus. Recently, Nye and Parker (15) attempted to cultivate vaccine virus in 
normal tissues embedded in normal plasma to which serum from a hyperimmunized 
calf had been added. In these cultures they were unable to demonstrate virus, 
while in their control preparations virus was shown to be present. 

Fischer’s (16) results wth the virus of Rous’ sarcoma are at variance with those 
reported above by workers dealing with vaccine virus. He found that serum from 
immune fowls neutralized active tumor filtrates, but had no deleterious effects on 
sarcoma cells in tissue cultures, for, when cells from such cultures were injected 
into susceptible fowls, t 3 ^ical tumors developed. In ■vdew^of these findings, he 
concluded that the antibodies in the immune sera were unable to injure virus bound 
to or situated within cells. 

Todd (17) and Andrewes (18) have shown that certain antiviral sera, which 
mhibit the activity of viruses, are not necessarily “virucidal.” From inactive 
mixtures or from neutral mixtures of immune serum and virus they have been able, 
under proper conditions, to recover active fowl plague virus and vaccine virus. 
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Furthermore, Andrcu'cs (19) has reported that, if vaccine vims ivas injected into 
the skin 5 minutes before an ovcrncutralizing dose of antivaccinal scrum was 
administered in and around the site of inocuiation, the activity of the infectious 
agent was not completely suppressed; whereas, if the semm was injected first, 
or if a mixture of virus and serum was injected, no vaccinal lesions developed. 
From these facts he is prepared to entertain the idea that the protective antibodies 
in the serum act by rendering susceptible cells insusceptible rather than by killing 
the virus. 

Rivers and Pearce (20) found that it \vas possible to recover Virus III and 
vaccine virus from a transplantable rabbit neoplasm for at least 54 and 64 days 
respectively after a mixture of tumor cells and viruses had been inoculated intra- 
testicularly. At the time when the viruses were recovered, the hosts had long 
since become refractory to reinoculation from without, and their sera had been 
"virucidal” for many -weeks. Douglas, Smith, and Price (21) have obtained 
vaccine virus from the brains of recovered animals 41 days after inoculation. By 
means of cataphorcsis, Olitsky and Long (22) demonstrated vaccine virus in the 
testicles of rabbits inoculated in the skin many months previously. Cole and 
Kuttner (23) were able at all times to obtain from immune animals the “salivarj'- 
gland virus” of guinea pigs, and it appears that a pig once infected continues to 
harbor the virus indefinitely in spite of a refractory state to reinfection from 
without. 

The above review of the literature concerning virus inununity is not 
exhaustive. It is given merely to point out some of the discordant 
results obtained by means of tissue cultures, and to indicate a few 
phenomena, observed in animals infected with viruses, that are difficult 
or impossible of anal3'‘sis in a living host. The experiments described 
below, in which the visible evidences of vaccinal infection in tissue 
cultures, inclusion bodies, that is to sa3% guided or aided the workers, 
show how certain problems in the virus field may be attacked. 

Methods and Materials 

Virus. — Levaditi’s ueurovaccine virus prepared in the testicles of rabbits was 
employed in all experiments. It -was found advisable to use a freshly prepared 
virus emulsion to whidi no preservative had been added. 

Tissues . — Rabbit corneas prepared and handled as described in the preced ng 
paper (1) constituted the tissues investigated. Normal corneas were obtained 
from stock animals. Immune corneas were secured from rabbits tliat had re- 
covered from severe vaccinal infections in the sldn or testicles. Neutralizing 
properties in the blood and a refractory state in the sldn develop rapidly after a 
dermal infection with vaccine virus. An immune state of tlie cornea, however, 
develops very slowdy under sucli conditions, and at times a completely refractor)' 
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condition requires several months for its appearance. In this work, no cornea 
was considered immune until it had been tested in vivo with an extremely potent 
\-irus and found refractory, or until it had recovered from the vaccinal kerato- 
conjunctivitis induced by the test inoculation. Furthermore, it is not expedient 
to test one eye and then use the other, because both e 3 ^es do not always simul- 
taneously attain an absolutely refractory state. 

Plasma and Scrum . — For each e.xperiment fresh normal plasma or serum was 
collected from stock rabbits. Immune plasma or serum was obtained from rabbits 
that had recovered, 2 to 4 weeks previously, from severe vaccinal infections. 
The amount of immune plasma or serum used at any time in the experiments was 
known to be more than sufficient for the neutralization of the virus employed. 

Tissue Extract . — Tissue extract was always secured from the spleens of rabbits 
that had supplied the normal corneas and normal plasma. 

Cultures . — The methods of inoculating the tissues, and of preparing, examining, 
and testing the cultures were similar to those described in the preceding paper (1). 

EXPERIMENTAL 

Numerous experiments have been performed, in which various 
combinations of normal and immime corneas with normal and immune 
sera, or with normal and immune plasmas, were tested for their 
reactions to, or effects on vaccine virus. For instance, bits of normal 
comeal tissue were immersed in immime serum for 2 hours at d1°C., 
washed in Ringer’s solution, placed in an emulsion containing vaccine 
vims for 2 hours, again washed in Ringer’s solution, and finally culti- 
vated in normal plasma and spleen extract. The reverse experiment, 
in which the bits of comeal tissue were first placed in contact with 
vaccine virus and then with immune serum, was also made. At times 
the tissues were allowed to remain in contact with immune semm or 
vaccine vims overnight in the icebox. The results of such experiments 
have been irregular, and, inasmuch as no definite conclusions can be 
derived from them, a report concerning them will not be made at 
this time. 

Certain experiments of other sorts, properly performed and con- 
trolled, yielded constant results. They were the ones in which gmall 
pieces of normal corneas, inoculated with vaccine vims either in vivo 
or in vitro, were cultivated in normal and in antivaccinal plasma for 
24 and 48 hours, or in which immune corneas were removed from 
animals, washed for 2 hours in Ringer’s or T3Tode’s solution, placed 
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in a virus emulsion for 2 or 3 hours, and finally cultivated for 24 and 48 
hours in normal and in immune plasma. It seems unnecessary to 
give in detail all the experiments. Some of the tj’pical ones, with 
their results, will be described however. 

Dcvclopmait of Vaccinal Lesions in Bits of Normal Corneas Cvllivatcd in 

Antivaccinal Plasma 

In the study of vaccinal lesions that developed in normal corneas 
cultivated in antivaccinal plasma, 5 experiments, in which the corneas 
were inoculated in vivo, and 1, in which they were infected in vitro, 
were performed. Of tlie former, in one of which glycerolated virus 
was used, all resulted successfully. Of the latter, 5 resulted success- 
fully; in one the infection was so mild that no conclusions could be 
dranm, and in another the cultures were sufficiently contaminated 
with bacteria to be rendered valueless. 2 experiments in which the 
corneas were inoculated in vivo, and 1 in which they were infected 
in vitro will be described in detail. 

The Development in Normal Corneas Infected in Vivo and Cidtivakd in 
Normal and in Immune Plasma 

Expermoit XIV. May 14, 1929. — Freshly prepared Levaditi neurovaedne 
was used. Immune plasma, loiown to possess suffident neutralizing power, was 
collected. Both ej'^es of 2 normal rabbits were thoroughl}' cocainized, scarified, 
and inoculated witli vaccine virus. 2 hours later normal plasma was obtained 
from the animals. Then the rabbits were sacrificed, the eyes were enudeated, 
and finall)' tlie spleens were removed for tissue extract. The eyes were washed 
in Ringer’s solution in order to remove as many contaminating bacteria as was 
possible. The 4 corneas were removed and divided into 20 pieces, 4 of which were 
immediately placed as controls in Zenker’s fluid. The remaining 16 were treated 
in the following manner: 

A. — In dots of normal plasma and spleen extract, 4 pieces of cornea were 
cultivated at for 24 hours, after rvbidi 2 w'ere fixed in Zenker’s fluid and 
examined for vaccinal lesions, and 2 w’ere carefully removed from the plasma 
medium, gently washed in Ringer’s solution, ground in a mortar, and injected 
into the skin of a normal rabbit as a test for the presence of active vaccine virus. 

B. — 4 pieces were treated in a manner similar to that employed under A with 
the exception that immune plasma was used instead of normal. 

C and D. — Duplicates of A and B respectively, with the exception that the 
cultures were incubated 48 hours instead of 24. 



T. JI. RI\^RS, E. HAAGEN, ^VND R. S. IIUCKENRUSS 


677 


The results of the above experiment are summarized in Table I 
and clearly show that normal corneas, inoculated with vaccine virus 
m vivo (2 hours) and then cultivated in vitro in antivaccinal plasma, 
developed tjT)ical lesions with Guarnieri bodies in the presence 
of antibodies in the immune plasma. Furthermore, when bits of 
normal corneas, inoculated and cultivated in a similar manner, were 
removed from the immune plasma, washed in Ringer’s solution. 


TABLE I 

Summary of Experiments XIV, XVI, and XVII 


Kzp. 

Cultures 

24 hours j 

48 hours 

' Sections 

, Rabbit inoculations 

Sections 

[ Rabbit inoculations 



Washed 

Unwashed 

xrv 

N.C. + N.P. 

+++ 

I++++ 

0 

++++ 

++++ 

0 


N.C. + I.P. 

++ 

++++ 

0 

+++ 

+++ 

0 

XVI 

N.C. + N.P. 

? 

0 

— 1 

+ 

0 

+++ 

1 

1 

N.C. + I.P. 

? 

— 

— 


++ 

? 

xvn 

N.C. + N.P. 

++ 

0 

+++ 

+++ 

0 

+++ 


N.C. + I.P. 

+++ 

+ 

± 


+ 

+ 


N = normal; C = cornea; I = immune; P = plasma; 0 indicates that test was 
not made; ? indicates doubtful lesions or doubt regarding presence of active virus; 
— indicates absence of lesions or absence of active virus; + s indicate the severity 
of the lesions with Guarnieri bodies as seen in sections of the bits of cornea, or the 
amount of active virus as determined by the siae of the lesions at the sites of 
inoculation of the bits of cornea in the skin of rabbits. 

emulsified, and injected into the skin of a normal rabbit, an abimdance 
of active vaccine virus was demonstrated. The lesions in the bits of 
cornea cultivated in immune plasma were not as extensive as were 
those in the pieces of tissue set up in normal plasma. Nevertheless, 
the lesions were definite and frequently involved the new cells growing 
in to repair the defects caused by scarification. Inasmuch as these 
young cells were formed after the bits of cornea were placed in immune 
plasma,* the indications are that new cells arising from old infected 

* This is indicated by the fact that in the controls, promptly fixed in Zenker’s 
fluid after the inoculated eyes were enucleated, no growth of cells had taken place 
and no Guarnieri bodies were present. 
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cells or in the immediate vicinity of involved cells are capable of 
becoming infected even when the tissues arc growing in a medium of 
immune plasma. 

Expermcni XVI. June 4, 1929. — The inoculations, collections of normal and 
immune plasmas, and preparations of cultures, were similar to those described in 
Exp. XIV. The following tests and controls, subsequently handled as indicated, 
were set up. 

1 bit of inoculated normal cornea in normal plasma and spleen e.vtract incubated 
24 hours; examined histologically. 

1 bit of inoculated normal cornea in normal plasma and spleen extract incubated 
24 hours; ground up with at least 1 cc. of the plasma and injected into the skin 
of a rabbit. 

2 bits of inoculated normal cornea in immune plasma and spleen extract in- 
cubated 2 hours; c.xamincd histologically. 

2 bits of inoculated normal cornea in immune plasma and spleen extract in- 
cubated 24 hours; removed from the plasma clots, washed in Ringer’s solution, 
emulsified, and injected into the sldn of a normal rabbit. 

2 bits of inoculated normal cornea in immune plasma and spleen extract in- 
cubated 24 hours; ground up with at least 1 cc. of the plasma and injected into 
the skin of a rabbit. 

1 tube of immune plasma and spleen extract incubated at 37°C. for 24 hours. 
Then the plasma was tested for its neutralizing power. 

1 tube of immune plasma and spleen extract placed in the icebox for 24 hours. 
Then the plasma was tested for its neutralizing power. 

Duplicates of the above preparations were set up and incubated at 37°C. or 
stored on ice for 48 hours instead of 24. 

The results of Experiment XVI are shovm in Table I. The control 
portions of immune plasma held in the icebox and in the incubator for 
24 and 48 hours were found to be more than capable of neutralizing 
the amount of virus in the bits of cornea at the beginning of the 
experiment. It seemed, however, that both of the 48'hour specimens 
had lost some of their neutralizing properties. This phenomenon is 
undergoing further investigation. There was very little evidence of 
vaccine virus either in the sections of tlie 24-hour cultures or in the 
rabbits inoculated ndth emulsions of the cultures. This was equally 
true of preparations of normal cornea in normal or in immune plasma. 
The demonstration of virus in the 48-hour cultures of normal cornea 
in immune plasma was accomplished tlirough the removal, by gentle 
washing, of the immune plasma from the bits of tissue before they were 
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emulsified for test inoculations in rabbits. The failure to separate 
the infected tissues from the immune plasma may account for the 
fact that other workers have been unable to demonstrate active virus 
in cultures of normal tissues infected and then grown in immune 
plasma. At times —this fact is well exemplified by the next experi- 
ment, — it was possible to demonstrate virus in such cultures even when 
the pieces of cornea had not been entirely freed from the antivacdnal 
plasma. 

The Development in Normal Corneas Injected in Vitro and Cultivated in 
Normal and in Immune Plasma 

Experiment XVII. June 11, 1929. — ^This experiment was a repetition of 
Experiment XVI with 2 exceptions, viz., the corneas were inoculated in vitro 
instead of in vivo, and 2 pieces of the tissue were chosen for controls after they 
had been inoculated with vaccine vims and before the cultures were set up. 1 
of the control bits of cornea was ground up with 0.5 cc. of normal plasma, the 
other with 0.5 cc. of immune plasma. These emulsions, tested in the skin of a 
normal rabbit, showed that the immune plasma neutralized the virus in the freshly 
inoculated cornea while the normal plasma did not. Thus it was demonstrated 
that 3 cc. of immune plasma, the amount used in the cultures, was at least 6 times 
greater than the amount necessary to neutralize the virus in the bits of cornea at 
the time when the cultures were set up. 

From the results of Experiment XVII, which are summarized in 
Table I, it is evident that normal corneas infected in vitro and culti- 
vated in antivaccinal plasma developed typical vaccinal lesions with 
Guamieri bodies and that such cultures contained active vaccine virus. 
There was little or no difference in the size of the lesions produced by 
the washed and unwashed bits of cornea from the 48-hour cultures. 
A difference was apparent, however, in the tests made with the tissue 
from the 24-hour cultures. . 

Reaction of Immune Corneas to Vaccine Virus 

In the investigations concerning the nature of the in vitro reaction 
of immune corneas to vaccine virus, 6 experiments were performed. 
2 of these must be disregarded, inasmuch as the corneas were not 
tested in vivo for immunity before being used in the cultures. For 
immunity to vaccine virus is relative, and certain tissues more slowly 
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attain a completely refractory state than do otliers. This is partic- 
ularly true of corneal epithelium. In fact, one cornea of an animal 
may be refractor)’’ while the other is sliglitly susceptible, hloreover, 
the results of skin tests are not reliable indicators of the state of corneal 
immunity. Therefore, in order to be correctly informed concerning 
the state of immunity of any cornea, one must test it directly witli a 
freshly prepared potent virus. In 3 of the 4 experiments which were 
properly controlled, the inmiune corneas exliibited no t)pical vaccinal 
lesions, while in 1 the corneas showed evidences of a very mild infection 
associated with a few Guarnieri bodies. 2 of the experiments will be 
described in detail. 

Immune Corneas Infected in Vitro and Cultivated in Normal and in 

Immune Plasma 

Experivtcnl XL Jan. 18, 1929. — A normal rabbit received multiple intraderraal 
inoculations of vaccine virus. Feb. 8, 1929, the animal was reinoculatcd in the 
skin and corneas. A mild reaction occurred in the skin, and a moderately severe 
one in the e)'’es. April 16, 1929, the rabbit was sacrificed for immune plasma and 
immune corneas. A normal animal was likewise sacrificed for plasma, corneas, 
and spleen e.xtract. A fresh testicular virus emulsion was prepared. The immune 
and normal corneas were inoculated with vaccine virus in vitro (3 hours) in the 
usual manner; cultures were prepared and incubated at 37°C. for 4S hours; the 
tissues were than fixed and examined with the following results. 

1. — Normal corneas infected and cultivated in normal plasma revealed severe 
vaccinal lesions with numerous Guarnieri bodies. 

2. — Immune corneas infected and cultivated in normal plasma evidenced a 
very mild infection associated with a moderate number of vaccine bodies. 

3. — Immune corneas infected and cultivated in immune plasma showed an 
exceedingl)’^ mild infection with only an occasional Guarnieri body. 

In the above experiment, although evidences of a mild infection 
were found in the immune corneas, a definite difference in the extent 
of the involvement of the normal and inmiune tissues was eiddent. 
The experiment was repeated ivith an animal that had been immunized 
and tested in a manner similar to that used upon the immune animal 
above, and rio evidences of a vaccinal infection were found in the 
immune corneas, while moderately severe lesions were noted in tlie 
normal corneas. In these experiments, no tests for the presence of 
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active vaccine virus in the cultures were made. Such tests, however 
were conducted on 2 other occasions, and the results, one set of which 
will be described below, were identical in both instances. 

Expcrimenl XVIIl. Three rabbits received multiple intradermal inoculations 
of vaccine virus, Jan. 24, Feb. 4, and Feb. 18, 1929, respectively. June 3, 1929, 
the animals were reinoculated in the skin and corneas. All were refractory to 
reinfection of the skin. The first animal, however, had a mild “take” in the right 
eye, none in the left; the second evidenced a mild infection in both eyes; the third 
showed a reaction in the right eye, none in the left. The lesions in the eyes rapidly 
healed, and the corneas were used as immune tissues. The corneas that had 
evidenced “takes” and had recovered were labeled A, while those that had shown 
no reaction were marked B . A s and B s were run in parallel series, but, inasmuch 
as the results in the 2 series were identical, they will not be described separately. 

June 18, 1929, the 3 immune rabbits were sacrificed, and the corneas were 
removed, scarified, divided into 4 pieces each, and washed for 2 hours in Tyrode’s 
solution at 37°C. Then, the bits of cornea were immersed for 2 hours in a fresh 
virus emulsion at 37°C. Immune plasma was collected from rabbits recently (2 to 
4 weeks) recovered from severe vaccinal infections in the skin. Normal plasma, 
normal corneas, and spleen extract were obtained from stock rabbits. The 
normal corneas were scarified and infected in a manner similar to that employed 
for the immime tissues. Either 4 or 8 tubes of each combination of the materials 
enumerated above were prepared. One half of the preparations was incubated 24 
hours, while the remaining half was held at 37°C. for 48 hours. At the end of each 
period of incubation the preparations W'ere again divided; the bits of cornea in one 
half were fixed and stained for histological examination, while those in the other 
half were carefully removed from their plasma clots, washed in Ringer’s solution, 
emulsified, and injected into the skin of normal rabbits. Lesions produced by 
these intradermal inoculations were excised, emulsified, and rubbed on the scarified 
skin of another set of normal rabbits in order to demonstrate typical vaccinal 
pustules. Control specimens of immune plasma held on ice or in the incubator for 
24 and 48 hours were tested for neutralizing properties. The results of the experi- 
ment are given in detail below. 

24-hoiir Preparations 

1. Normal cornea in normal plasma: Mild vaccinal lesions found, \drus present, 

2. — Immune cornea in normal plasma: No vaccinal lesions observed, virus 
present. 

3. — Immune cornea in immune plasma: No vaccinal lesions observed. Virus 
not demonstrable. 

4. — Specimens of immune plasma held on ice and in the incubator appeared 
to have retained full neutralizing power. 
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4S~honr P reparations 

5. — Normal cornea in normal plasma; rronoiinced vaccinal lesions observed, 
large amount of virus present. 

6. — Immune cornea in normal plasma: No vaccinal lesions found, virus present 
but less in amount than that in tissue of 5. 

7. — Immune cornea in immune plasma; No vaccina! lesions seen, virus present 
but less in amount than that found in the cultures of 6, 

8. — Specimens of immune plasma held on ice and in the incubator seemed to 
have lost some of their neutralizing pou'cr. They were still capable, however, of 
neutralizing an amount of virus greater than that taken up by the bits of cornea 
during the process of inoculation. 

From the results of Experiment XVIII it appears that the epithe- 
lium of normal and immune corneas did not react similarly to vaccine 
virus, as evidenced by the fact tliat typical vaccinal lesions witli 
Guarnieri bodies were observed onl)'- in the former. Virus, however, 
was demonstrated in the preparations of norma) corneas in normal 
plasma, in the 24-hour cultures of immune corneas in nonnal plasma, 
and in the 48-hour cultures of immune corneas in normal and in 
immune plasma. Furthermore, tlie amount of virus in the 4S-hour 
preparations of immune corneas seemed, as determined by tlie size 
of lesions produced in rabbits, to be greater than tliat in the 24-hour 
cultures. At present, it is impossible to state whether this apparent 
increase in the amount of virus was due to an actual multiplication 
of the infectious agent. Nevertheless, the striking fact remains that 
vaccine virus can at least survive for 48 hours in cultures of immune 
corneas in normal plasma and to a less extent in preparations of 
immune corneas in antivacdnal plasma. 

DISCUSSION 

It should be noted that the in vitro vaccinal infection of normal 
corneal epithelial cells and the m vitro refractory state exliibited by 
immune corneal epitlielium occurred mthout tlie direct intervention 
of such structures as cells of the reticulo-endothelial system and white 
blood cells. What part, if any, tlie various tissues of tlie body played 
in bringing about the refractory state of the immune corneas before 
they were removed from the body is not known. 

Adequate explanations of some of the observations reported in this 
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paper must await further experimental work. Interpretations for a 
few of the results, however, are at hand, but even these are associated 
with a certain amount of speculation. The fact that vaccinal lesions 
with Guarnieri bodies developed in normal corneas inoculated in vitro 
and then cultivated in antivaccinal plasma, does not appear unusual, 
provided one assumes that the activity of virus situated intracellularly 
could not be influenced by the antibodies in the immune plasma. 
This assumption at least agrees -nuth the experimental observations 
of Rous and Jones (24) who found that intracellularly situated typhoid 
bacilli and red blood cells were not susceptible to such injurious agents 
as potassium cyanide and antisera. The results of the experiments 
in which immune corneas* were cultivated in normal and in immune 
plasma appear to support the idea of Todd (17) and Andrewes (18) 
that substances protective against viruses are not necessarily virucidal 
and also to fall in line with the observations recorded concerning the 
persistence of viruses in immune animals (20, 21, 22, 23). 

SUMMARY 

Normal corneas inoculated in vitro with vaccine virus and then 
cultivated in antivaccinal plasma developed typical vaccinal lesions 
associated with Guarnieri bodies. In such cultures, after an incuba- 
tion period of 24 or 48 hours, active vaccine virus was demonstrated 
by means of appropriate methods. 

Immune corneas inoculated in vitro with vaccine virus and then ■ 
cultivated in nonnal or in antivaccinal plasma revealed either very 
mild vaccinal lesions or none at all. In some of the cultures after 24 
and 48 hours of incubation, active vaccine virus was demonstrated. 
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Clough, 1915, (1) employing a solution of alcohol precipitable protein derived 
from pneumococci, tested patients suffering from pneumonia by intradermal in- 
jections. There resulted in some instances a slightly elevated discrete papule 
surrounded by an indefinite zone of hj'peremia; all of the reactions faded in 24 
hours. Little or no difference was noted between the reactivitj’- of patients with 
pneiunonia and normal individuals, nor was the reaction affected by the stage of 
the disease in which the test was made. Weil, 1916, (2) prepared material from 
cultures of I pneumococcus. He allowed the organisms to autolyze at ZTC. 
for 2 hours, followed by heating at 60°C. for 1 hour. 0.1 cc. to 0.2 cc. of the super- 
natant fluid of this solution was used for skin tests. He obtained no reaction in 
patients tested during the acute phase of the disease. However, 1 to 21 days 
after crisis, injections produced a circumscribed erythema with slight infiltration 
at the point of punctme. A few cases did not react at any time; normal persons 
and patients suffering from other diseases gave no uniform response. In 
1917, Steinfeld and Kolmer (3) carried out a series of skin tests, employing 
heat killed Type I, II, and IH pneumococci. The reactions were read 48 
hours after the injection; when positive the local lesion lasted 4 to 5 days. Six 
of 19 pneumonia patients gave positive reactions with one or another of the test 
organisms. No relation was noted between the type of pneumococcus eliciting 
the skin response and the causative organism of the disease. All of the positive 
reactions were obtained in patients tested after the crisis. Tests on control indi- 
viduals were recorded as being negative. Weiss and Kolmer, 1918, (4) employed 
in a study of the cutaneous reaction of pneumom’a patients, so-called pneumotoxin 
prepared by dissolving washed pneumococci in 2 per cent sodium choleate. This 
material was freshly made and standardized in terms of minimal lethal doses for 
guinea pigs. The reactions were read 48 hours after the injection. In adults 
positive reactions were obtained in 100 per cent of 31 acute cases. The period of 
reactivity ranged from the fifth day (2 days before crisis) to the thirteenth day 
(6 days after crisis) of disease. In chDdren, tests were positive during the acute 
phase of illness and negative after recovery. No correlarion was noted between a 

687 



688 


CUTANEOUS REACTIONS IN LOBAR PNEUitONLV 


positive test and the type of pneumococcus derived from the sputum. Bigelow, 
1922, (5) prepared several varieties of test materials; they consisted of heat killed 
pneumococci, autolysates, and solutions. In some instances the material was 
derived from pooled cultures of Types I, II, III, and Group IV pneumococci; 
other preparations were prepared from organisms of a single type. In tests on 
104 patients, he described two types of reaction. One of these was designated as 
tjTie specific. It was described as an indurated papule surrounded b}’’ an areola, 
whicli readied its height 28 to 32 hours after inoculation. This form of response 
was best obtained with autob'sates. It was considered by the author to be t}T)& 
spedfic since in 8 of 1 1 eases the material eliciting a positive reaction corresponded 
in type to that of the pneumococcus recovered from the patient. In 3 patients 
this correlation did not occur. The second or "common” reaction was obtained 
ivith most of the preparations. Lesions of this character reached tlieir height in 
18 hours and faded in 24 to 36 hours. It was obtained in 42.3 per cent of t^ose 
tested and, in most instances, was elicited after crisis had taken place. Forty- 
five per cent of control individuals also gave tliis reaction. The author condudes 
that positive tests occur most commonl)’' at the time during which antibodies would 
be present in greatest concentration. Hcrrold and Traut, 1927, (6) emplo3'ed 
filtrates derived from a 5 day culture of an avirulcnt Tj^ic 1 pneumococcus. Re- 
actions, when positive, appeared in about 12 hours and reached the maximum after 
18 hours. Readings were made at the end of 24 hours. Of 38 patients acutely 
ill with pneumonia, 73 per cent failed to react, while only 15 per cent of normal 
persons, gave negative tests. Eight patients were repeatedl)' tested; one of these, 
negative at first, later became positive; another, originally positive, subsequently 
became negative; 2 were positive and 4 negative throughout the period of observa- 
tion. They state that they found no relation between the material used for posi- 
tive tests and the type of pneumococcus causing the infection. 

From this review of the literature it will be seen that uniform results 
have not been obtained in pneumonia patients tested intracutaneously 
with pneumococcus products. It will be further noted that, with the 
exception of Clough (1) who used pneumococcus protein, the tests 
have been made with autolysates, heat killed organisms, solutions of 
pneumococci, and culture filtrates. Materials of this character are 
known to contain a variety of bacterial products, such as protein, 
carbohydrate, pneumotoxin, hemolysin, and the purpura producing 
substance, as well as other derivatives of enzyme action, in varying 
concentrations. Attention is directed to this point since the results 
reported in this paper demonstrate that the composition of the mate- 
rial used for injection influences the character of the reaction. 

In the experiments presented in the present communication meas- 
ured quantities of two distinct constituents of the pneumococcus cell 
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were separately employed for intradermal injection into patients 
acutely ill vath. and convalescent from lobar pnemnonia. The mate- 
rial used for testing consisted of; 1. The purified, protein-free, carbo- 
hydrates of Types I, II, and III pneumococci,— the so-called soluble 
specific substances; 2. The somatic proteins of Pneumococcus. This 
material, the acetic acid^ precipitable fraction, consists largely of 
nudeo-protein. A description of both carbohydrate and protein is 
given further on. It has been shown by Avery and Heidelberger 
(7) that the pneumococcus carbohydrates are the type specific com- 
ponents; they react only in homologous type specific anti-sera, and, in 
purified form, are not antigenic. The protein fraction, on the other 
hand, is a common constituent of the pneumococcus species; antibodies 
ehcited by immunization with it, react with protein derived from any 
strain of this organism. 

In addition to the intradermal injection of the polysaccharides and 
protein, the experiments were supplemented by obtaining serum from 
the patients just prior to the skin test, and titrating for the presence 
or absence of antibodies reactive with the test solutions. 

Material and MetJwds 

Skin Testing Materials. 1. Soluble Specific Substanxes . — Type specific poly- 
saccharides from each of three pneumococcus Types (I, If, and lU) were em- 
ployed. They were obtained in purified state according to the method employed 
in this laboratory by Heidelberger and Avery (8). As demonstrated by Heidel- 
berger, Goebel, and Avery (9), these substances .possess the chemical properties 
of complex sugars; they contain no phosphorous, no sulfur, and give none of the 
usual protein color tests. Type II and Type HI substances are nitrogen-free. 
The Type I substance difiers from the other two in containing nitrogen as an 
apparently essential component. The total nitrogen present in Type I is 5 per 
cent, half of which is present in the amino form. Despite the presence of nitrogen, 
the substance fails to give any of the protein color reactions. For skin tests, the 
polysaccharides were dissolved in freshly prepared physiological salt solution in 
such concentration that 0.1 cc. of solution contidned 0.01 mgm. of specific poly- 
saccharide. For purposes of sterility the solutions were heated at 100°C. for 10 
minutes before being used. 

2. Pneumococcus Proleiu.—Tbe material was prepared according to the method 
described by Aveo' and Morgan (10). Cultures of an R strain of pneumococcus 
originally derived from Tjpe H S organisms served as the source from which the 
protein was obtained. The preparations were filtered through Berkefeld filters 
and tested for sterilitj' before being used for injection. The material was stand- 
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ardized bj' nitrogen determinations and diluted in fresh pliysiological salt solution 
so that 0.1 cc. of solution contained 0.01 mgm. of protein. 

In cadi instance the material was injected in 0.1 cc. amounts into the skin on 
the flexor surface of the foreann. 

Tilraliou of Sera for Anlibodics. — Blood, obtained from patients bj' vcnapunc- 
ture, was allowed to clot, centrifuged, and the dear serum pipetted off. Tests 
for precipitins reactive with carbohydrate and protein were separately carried out. 

0. 2 cc. serum diluted with 0.3 cc. phj'siological salt solution was mixed with 0.5 
cc. of varying dilutions of the precipitinogens. Readings were made after the 
tubes had been allow'ed to incubate at 37°C. for 2 hours and then placed in the ice- 
box over night. It was found that U'pc specific anlibodics were more easily 
demonstrable by agglutination tests witli the intact type specific cells. Conse- 
quently tin’s test was more commonly used. 0.5 cc. of varj'ing dilutions of scrum 
ivas mixed with 0.5 cc. of heat killed organisms of each of T^qins I, II and III. 
The tubes were incubated at 37‘’C. for 2 hours and kept on ice over night. A 
positive reaction was detected by the presence of the characteristic disc formation. 

On admission to the hospital patients were injected intradcrraally with Tj’pes 

1, II and III carbohydrate solutions, protein solution, and a control injection of 
fresh physiological salt solution. The tests were often repeated several times 
botli during the acute phase of the illness and after crisis. Freshly prepared 
materials were always employed for injection. This precaution was considered 
to be of considerable importance since it was found that solutions which had been 
standing for several days often gave rise to immediate reactions which were 
deceptive. In addition to slcin tests, serum obtained, in most instances at the 
time of intradermal injection, was titred for antibodies reactive with the carbohy- 
drates and protein. Typing of the pneumococcus derived from the sputum of 
the tested patients was also carried out. 

Ctitaneotis Reactions to Specific Polysaccharides 

Obsers'ation on the skin reaction of nineteen individuals suffering 
from lobar pneumonia have been made following injection of 0.01 
mgm. of each of the type specific polysaccharides. Classified on the 
basis of the pneumococcus type derived from the patient, the cases 
may be divided into: 11 cases of Type I infection; 3 of Type II; 2 of 
Atypical Type II; and 3 of Group IV. Unfortunately, no instances 
of Type III pneumococcus infection were available during the period 
of this investigation.* 

* While this communication was in press a patient, convalescent from Type III 
pneumococcus pneumonia, has shown a positive reaction with the Tjtjg UI 
saccharide. The patient’s serum contained tj^pe-specific antibodies at the time 
of the positive test. 
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In the 11 cases of Type I infection, 10 reacted to Type I S carbo- 
h 3 '-drate and none to the Type II or III substances. Of the 3 Type 
II cases one reacted to Type II polysaccharide, whereas all three were 
negative to the sugars derived from Types I and III. The 2 atypical 
Type II and the 3 Group IV cases were entirely negative. 

With regard to the time of appearance of a positive reaction, none 
of the cases before recovery reacted positively. Of the 11 cases in 
which a positive test was obtained, 10 reacted at the time of recovery. 
One patient, suffering from Type I pneumococcus pneumonia did not 
give a positive skin test until the twenty-sixth day after recovery from 
the acute phase of the illness. He had persistent fever, and evidence 
of pleurisy during this time and only after these signs of persistent in- 
fection began to subside did the skin test become positive. 

A positive reaction, when obtained, was very striking and may be 
described as follows: 

Ten to twenty minutes after the intradermal inoculation, there appears at the 
site of injection a wheal-like swelling with intense white edema. Surrounding the 
wheal, a zone of erythema appears which becomes increasingly larger and more 
intense. The edges are irregular due to the “pseudopods” of erythema extending 
in different directions. The height of the reaction occurs between 30 and 60 
minutes after the inoculation. (See Figs. 1 and 2.) Within another hour the 
acute phase has entirely faded; a gradual regression then takes place leaving a 
firm, pale, edematous area which may require 24 hours or longer to disappear 
completely. Reactions of this character have been found to be strictly type 
specific and to occur only with the polysaccharide corresponding to the serologi- 
cal type of the infecting organism. At the site of injection of the carbohydrates 
of heterologous types and of the salt solution, no reaction appeared. The “wheal 
and erythema” form of reaction, just described, differs strikingly from the delayed 
response elicited by the bacterial protein. 

In testing the sera of patients, it was found that in aU instances in 
which a positive skin reaction was elicited with the specific carbohy- 
drates, agglutinins for the homologous type of pneumococcus and pre- 
cipitins for the reacting polysaccharide were present. Furthermore, the 
time at which specific antibodies were demonstrable in the circulation 
has been coincident with the development of a positive skin reaction. 
However, the fact that individuals may possess circulating specific 
antibodies without responding to the intradermal injection of the 
homologous specific substance wdll be subsequently shown. 

Ten of the 11 cases in which a defiimte skin response to the homolo- 
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gous specific polj^saccharide was obtained, suflercd from T.vpe I pneu- 
mococcus infection. Eight of these cases were treated with Type I 
antipneumococcus horse scrum in 100 cc. closes at six hour intervals 
until recover}L Regardless of the amount of serum administered the 
skin reaction did not become positive until the patient had clinically 
recovered. The investigations are not as yet sufficiently extensive 
to determine the exact relations between specific antibodies introduced 
therapeutically and the occurrence of a positive skin reaction. How- 
ever, the results are suggestive that the production of a local response 
with the specific potysaccharide may, under certain conditions, be 
helpful in determining when sufficient serum treatment has been 
given. Studies are being continued in an attempt to determine this 
point. 

The single instance of Type I infection, which failed to react to the 
Type I carbohydrate occurred in a patient who developed pneumococ- 
cus 'meningitis and died on the twentieth day of disease. This patient, 
after receiving 800 cc. of serum, possessed demonstrable circulating 
Type I antibodies, but gave only doubtful or negative sldn test. 
Anotlier individual, after recovering from the acute phase of the ill- 
ness, continued to run a low grade fever and showed signs of pleurisy. 
He reacted positively to the Type I specific substance only after 
beginning cessation of infection. These two cases suggest that per- 
sistence of infection, even though specific antibodies are present, may 
inhibit the skin response. 

In two patients suffering from Type I pneumococcus pneumonia, 
no serum was administered. In both instances a positive skin re- 
sponse was obtained after recovery, indicating that a positive test is 
not dependent upon the presence of therapeutic serum. Of tliree 
Type II cases included in this series one gave a typical positive reac- 
tion to the Type II specific polysaccharide. The reaction, first ap- 
peared as the result of a test made the day after crisis; the patient s 
serum at this time contained Type II agglutinins and precipitins. The 
other two T3^pe II patients failed to react even to 0.1 mgm. of specific 
substance. These failures occurred despite the fact that the blood 
serum, in each case, contained specific Type II antibodies and that 
all evidence of infection had completely subsided. As formerly noted 
the two atypical Type II and 3 Group IV cases of pneumococcus in- 
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fection gave no response at any time to the skin tests with the poly- 
saccharides of Types I, EE, or III. 

In all patients, tests were repeated every few days during convales- 
cence. Those patients in whom the reactions were positive on several 
occasions and subsequently became negative, ceased to react at the 
time of disappearance of specific antibodies from the circulation. 

In Table I a protocol of five cases is given, which serves to show the 
time of appearance and duration of skin sensitivity in relation to 
both recovery of patient and occurrence of demonstrable specific 
antibodies in the circulation. 

Cases Ka. and La. suffered from Type I pneumococcus infection and were 
treated with T3T3e I antipneumococcus horse serum. Case Ka. is interesting in 
that skin sensitivity to Type I carbohydrate and circulating Type I antibodies 
have persisted for 127 day's after recovery; observations on this patient are being 
continued. Case La. first reacted on the day after recovery'; three days later his 
capacity to react had ceased coincident with the disappearance of specific agglu- 
tinins and precipitins. Patient Ca., the case of pneumococcus meningitis referred 
to above failed to give a definite positive reaction at any time. Cases St. and Mo. 
were instances of spontaneous recovery from Type I and Type If pneumococcus 
infections, respectively. They each gave typical responses after crisis and con- 
tinued to do so, as long as demonstrable circulating antibodies were present. In 
the other patients, who gave a positive skin test, the same relations were found to 
hold as those presented in Table I. 

The local reaction resulting from the intradermal injection of 0.01 
mgm. of the type specific polysaccharides presented three distinctive 
characteristics; first, the carbohydrate eliciting a response was always 
homologous in type to that of the infecting organism; second, both 
the gross appearance of the lesion and the rapidity with which it 
developed and retrogressed were characteristic of the typical wheal 
and erythema type of reaction; third, the capacity to react, when 
evident, developed at the time of the patient’s recovery, and was, in 
this group of cases, correlated with the presence of homologous type 
specific agglutinins and precipitins. 

Cutaneous Reactions to Pneumococcus Protein 

The local reaction resulting from the intradermal injection of 0.1 
mgm. pneumococcus protein presented distinct differences from that 
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E I 

Tilrc of Circulaling Specific Antibodies and Rccor:ery oj Patient 
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Precipitin test = 0.3 cc. serum + 0.2 cc. salt solution + 0.5 cc. 1-40,000 dilu- 
tion of polysaccharide. 


Skin test: 

pos. = positive reaction. 

f = doubtful reaction, 
neg. = negative reaction. 
C = day of crisis. 


























Skin Reactions to Pneumococcus Protems i 


696 


CUTANEOUS REACTIONS 


IN LOBAR PNEUMONIA 




Type Atypical II Group IV 
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obtained with the carbohydrates. Of twelve patients tested while 
acutely ill, all failed to react. In eight individuals repeated injec- 
tions were made both before and after recovery. Seven of them gave 
positive tests after crisis, and also with each repetition of the test 
during convalescence. These patients have not been retested since 
discharge from the hospital. 

A test, when positive, developed slowly as compared with the reac- 
tion elicited by the carbohydrates. In 6 to 8 hours there appeared a 
small, dark red, circumscribed lesion, about 0.5 cm. in diameter. 
It gradually increased in size until a maximum was reached in 18 to 24 
hours. Readings were recorded at this time, (See Fig. 3.) Regres- 
sion which began after 36 to 48 hours, usually proceded slowly, and 3 
to 4 days often were required for complete disappearance. When at 
its height, the lesion varied from 1 to 5 cm. in diameter; it consisted 
of a small central papule, dark red in color, surrounded by a bright pink 
erythema; the edges faded gradually into normal skin; slight tender- 
ness was some times present and the local temperature often seemed to 
be increased. The protein reactions were similar in many respects to 
the tuberculin response. That this type of reaction, in contrast to 
the response induced by polysaccharides, was unrelated to the type of 
pneumococcus causing infection is borne out by the fact tliat of tire 7 
patients, in whom positive tests were obtained, 2 had Type I pneu- 
monia, 2 Type II, 2 Atypical Type II, and 1 Group IV, 

In determining the presence of pneumococcus protein precipitins, 
it was found that the sera of all the patients possessed antibodies 
reactive with this test material. The litre ranged from 1:2,000 to 
1:16,000 in the different cases. However, in a single individual, 
variations in amount of precipitins occurring coincident with the prog- 
ress of the disease were not sufficiently striking nor constant to be 
considered of significance. In Table II, the results of the protein 
skin tests are given for those cases in which repeated injections were 
made. 

Table II shows the relation of the development of skin sensiti\nty 
both to the time of recovery from infection and to the titre of anti- 
protein antibodies with serum. From the data it appears that the 
protein sensitiveness develops after crisis, but, as contrasted with the 
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reaction to the carbohydrate, is unrelated to the quantity of precipi- 
tins present in the circulation. 

The presence of antibodies to pneumococcus protein in the serum of 
human beings, has not, as a search of the literature reveals, been the 
subject of previous investigation. The possible significance of their 
occurrence is a part of this, as yet uncompleted, study. In addition 
to the cases cited above, the sera of 13 other pneumonia patients have 
been tested at frequent intervals after admission to the hospital until 
discharge. They were all fovmd to possess in their serum protein 
precipitins in concentrations comparable to those recorded in Table II. 
The study of the anti-protein antibodies is being continued and a more 
complete report will be made in a later communication. 

DISCUSSION 

Although the observations reported in this paper on a relatively 
small number of patients represent an investigation which is, as yet, 
incomplete, sufficiently definite results have been obtained to war- 
rant presentation. It has been shown that pneumococcus polysac- 
charides, when injected intradermaUy into pneumonia patients after 
crisis, can bring about in some instances, a local reaction. The cu- 
taneous response, when obtained, was always elicited by the carbo- 
hydrate homologous to the tjqje of pneumococcus causing infection in 
the patient. A patient’s capacity to react became marufest coin- 
cident with recovery from infection. Furthermore, skin sensitmty 
has been found to parallel closely the presence of circulating type 
specific antibodies. The two phenomena have been found to appear 
at about the same time, to persist for a similar period, and to disappear 
at about the same stage of convalescence. However, the mere pres- 
ence of tjqje specific antibodies in the circulation is not the only fac- 
tor necessary for the excitation of a skin response. The fatal case 
complicated by pneumococcus meningitis possessed type specific ag- 
glutinins in high titre but at no time could a definite skin response be 
obtained. Further investigation on a larger number of cases is neces- 
sary before the underlying mechanism can be fully interpreted. How- 
ever, undetermined as the problem at the present may be, it is an 
interesting fact that these bacterial sugars, proteiiv-free, and belonging 



698 


CUTANEOUS REACTIONS IN LOBAR PNEUMONIA 


obtained ^Yith the carbohydrates. Of twelve patients tested while 
acutely ill, all failed to react. In eight individuals repeated injec- 
tions were made both before and after recovery. Seven of them gave 
positive tests after crisis, and also with each repetition of the test 
during convalescence. These patients have not been retested since 
discharge from the hospital. 

A test, when positive, developed slowly as compared with the reac- 
tion elicited by the carboh 3 ^dratcs. In 6 to 8 hours there appeared a 
small, dark red, circumscribed lesion, about 0.5 cm. in diameter. 
It gradually increased in size until a maximum was reached in 18 to 24 
hours. Readings were recorded at this time. (See Fig. 3.) Regres- 
sion which began after 36 to 48 hours, usually proceded slowly, and 3 
to 4 days often were required for complete disappearance. When at 
its height, the lesion varied from 1 to 5 cm. in diameter; it consisted 
of a small central papule, dark red in color, surrounded by a bright pink 
erythema; the edges faded gradually into normal skin; slight tender- 
ness was some times present and the local temperature often seemed to 
be increased. The protein reactions were similar in many respects to 
the tuberculin response. That this type of reaction, in contrast to 
the response induced by polysaccharides, was unrelated to the type of 
pneumococcus causing infection is borne out by the fact that of the 7 
patients, in whom positive tests were obtained, 2 had Type I pneu- 
monia, 2 Type II, 2 Atypical Type II, and 1 Group IV. 

In determining the presence of pneumococcus protein precipitins, 
it was found that the sera of all the patients possessed antibodies 
reactive with this test material. The titre ranged from 1:2,000 to 
1:16,000 in the different cases. However, in a single individual, 
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skin tests are given for those cases in which repeated injections were 
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Table II shows the relation of the development of skin sensitivity 
both to the time of recovery from infection and to the titre of anti- 
protein antibodies with serum. From the data it appears that the 
protein sensitiveness develops after crisis, but, as contrasted with the 
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human beings, has not, as a search of the literature reveals, been the 
subject of previous investigation. The possible significance of their 
occurrence is a part of this, as yet uncompleted, study. In addition 
to the cases cited above, the sera of 13 other pneumonia patients have 
been tested at frequent intervals after admission to the hospital until 
discharge. They were all found to possess in their serum protein 
precipitins in concentrations comparable to those recorded in Table II. 
The study of the anti-protein antibodies is being continued and a more 
complete report will be made in a later communication. 

DISCUSSION 

Although the observations reported in this paper on a relatively 
small number of patients represent an investigation which is, as yet, 
incomplete, sufficiently definite results have been obtained to war- 
rant presentation. It has been shown that pneumococcus polysac- 
charides, when injected intradermally into pneumonia patients after 
crisis, can bring about in some instances, a local reaction. The cu- 
taneous response, when obtained, was always elicited by the carbo- 
hydrate homologous to the tjqje of pneumococcus causing infection in 
the patient. A patient’s capacity to react became manifest coin- 
cident with recovery from infection. Furthermore, skin sensitivity 
has been foimd to parallel closely the presence of circulating type 
specific antibodies. The two phenomena have been found to appear 
at about the same time, to persist for a similar period, and to disappear 
at about the same stage of convalescence. However, the mere pres- 
ence of type specific antibodies in the circulation is not the only fac- 
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to that group of immunologically specific substances known as hap- 
tens, are capable of producing a reaction in the skin of convalescents 
from pneumococcus pneumonia. The character of the skin response 
incited by the polysaccharides is unique in that it is urticarial-like in 
appearance and runs its course in 1 to 2 hours. 

The reaction caused by pneumococcus protein, on the other hand, is 
similar both in appearance and evolution to that evoked by tubercu- 
lin. The protein reactions, when positive, reached the maximum 
intensity about 24 hours after injection and some times required 3 to 
4 days to subside completel3^ Furthermore, a patient’s capacity to 
react to protein has no relation to the type of pneumococcus causing 
the infection. Sufficient observations on the presence and quantita- 
tive variations of anti-protein antibodies have not yet been made 
to justify final conclusions. In the instances reported in this paper, 
antiprotein precipitins were found in all cases both before and after 
crisis. In any single individual the titre did not markedly vary 
during the course of disease, nor did it appear to influence skin sensi- 
tivity. 

The data presented in this paper represents observations made in 
the course of lobar pneumonia. Similar tests on normal individuals 
and patients suffering from other diseases are being carried out and 
the results will be reported in a subsequent paper. 

CONCLUSIONS 

I. a. Pneumococcus polysaccharides, when injected intradermally 
into patients convalescent from pneumonia, are capable of eliciting a 
response. The polysaccharide inducing a cutaneous reaction was 
found always to be homologous in type to that of the pneumococcus 
causing the infection. 

b. The character of the reaction incited by the protein-free bacterial 
sugars is of the immediate wheal and erythema type. 

c. A patient’s capacity to react was found to be intimately asso- 
ciated both with recovery from infection and with the presence of 
type specific antibodies in the circulating blood. 

II. a. The so-called nucleo-protein of pneumococcus, when in- 
jected intradermally, also causes a local cutaneous reaction in patients 
during convalescence from lobar pneumonia. 
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b. The local lesion resulting from the injection of protein is tubercu- 
lin-like in character, and differs from that evoked by the type-specific 
polysaccharides in gross appearance, time of development, and 
duration. 

c. Individuals, acutely ill with and convalescent from pneumococcus 
pneumonia, possess in. their circulating blood, precipitins reactive 
•with pneumococcus protein. In the observations recorded, the con- 
centration of anti-protein antibodies in the blood serum did not seem 
to influence the patient’s capacity to react to intradermal injection of 
the protein. 
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EXPLANATION OF PLATE 32 

Fig. 1, Cutaneous reaction 30 minutes after the injection of 0.01 mgm. of Type 
I polysaccharide in a patient convalescent from Type I pneumococcus pneumonia. 
This illustrates the immediate -wheal and erythema response to pneumococcus 
polysaccharide. Specific substances of Tj'pes H and III, and salt solution are 
negative. Roman numerals 1, 11, and HI, designate the site of injection of Types 
I, n, and in carbohydrates; C represents the site of injection of salt solution. 
One-half natural size. 

Fig. 2. Cutaneous reaction 30 minutes after the injection of 0.01 mgm. of Type 
n polysaccharide in a patient convalescent from Type II pneumococcus pneu- 
monia. Specific substances of Types I and HI, and salt solution are negative. 
Roman numerals and C serve the same purpose as in Fig. 1 . One-half natural size. 

Fig. 3. Cutaneous reaction 24 hours after injection produced by O.OI mgm. of 
pneumococcus protein. This illustrates the delayed tuberculin-like response to 
pneumococcus protein. Four-fifths natural size. 
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Hereditary passage of yellow fever virus through mosquito eggs was 
first investigated by Marchoux and Simond (1906) who reported 
successful transmission to a human being through the first generation 
offspring of an infective mosquito. Rosenau and Goldberger failed 
to confirm this work; in fact none of thirteen susceptible human beings, 
bitten by mosquitoes reared from eggs of infected female 5tegom3da, 
showed any signs of yellow fever. Stokes, Bauer and Hudson (1928) 
also obtained negative results when they allowed 79 mosquitoes, 
reared from the eggs of infective females, to bite a normal rhesus 
monkey. Hindle (1929) has pointed out the importance of further 
experimentation, especially as he has shown by inoculation of various 
parts of infected mosquitoes that the virus is not confined to the 
salivary glands. It was felt by the West African Yellow Fever Com- 
mission that information on this important point was still inadequate, 
and at the suggestion of Dr. Henry Beeuwkes, the problem was again 
taken up. 


EXPERIMENTAI, 

Two methods were employed, direct inoculation into test animals of 
an emulsion of eggs laid by infective mosquitoes, and transmission 
tests with adults reared from such eggs. Since it has been shown by 
injection (Bauer and Hudson, 1928) that yellow fever virus is present 
in infectious form in adult mosquitoes at all times subsequent to their 
infecting blood-meal, it seems logical to assume that, if virus is present 
in the ova, it could be detected by similar injection procedures. This 
seems especially likely when large numbers of ova are employed as in 
the experiments here reported. 
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A group of 172 normal females of Aedcs aegypli was fed on an infected monkey 
during the initial period of fever (Asibi strain of virus). These mosquitoes were 
subsequently shown to be infective, since all normal monkeys bitten by them died 
of typical yellow fever. The mosquitoes were then segregated and 65 males added 
to obtain fertile eggs. At desired intervals ova were collected on strips of con- 
tinuously wet blotting paper. The ova were never allowed to dr3\ All were used 
within two to three days and the majority within twenty-four hours after ovi- 
position. Batches of eggs were removed after the first or infecting blood-meal, 
and after the second, fourth and fifth testing (normal) meal, that is 14, 41 and 54 
days after the first feeding. Of the first two batches 'of ova, one half were em- 
ployed for direct injection into test animals, and the other half placed in water to 
obtain adults for subsequent feeding tests. As the original lot of mosquitoes 
laid an insufiicient number of eggs after the fourth blood-meal, they were given a 
fifth meal for the rearing of adults to be used in additional biting e.’q)eriments. 

It is known that in certain diseases (Rocky Mountain spotted fever particu- 
larly), there is an “activation” of the etiologic agent following a blood-meal of the 
maturing arthropod host. For that reason, more than one feeding of blood was 
allowed for each lot of mosquitoes, both parent and offspring. After the first 
feeding of each batch there was allowed a period of time at least as long as the 
incubation period (8 days or more). This gave a check on the relationship of 
both time and number of blood-meals of parents and progeny to the problem in 
hand. 

Experiment I 

A, Eggs. Appro.vimately 400 eggs, laid soon after the first infecting feeding, 
were washed off of the blotting paper into 50 c.c. normal saline and gently centri- 
fuged. Three c.c. of the supernatant fluid were drawn off and injected into normal 
M. rhesjts C; the remainder of the liquid was discarded. The animal registered 
normal temperatures for 15 days. It was then found susceptible b}'' the injection 
of known virulent blood, and, during the febrile attack which resulted, was killed 
as a source of virus for other experiments. 

After centrifugalizing, the ova were drained, ground in a sterile mortar with 
neutralized glass powder, diluted with 5 c.c. normal saline, and 2.5 c.c. of the 
resulting mixture injected into each of two normal monkeys, A and B. No 
reaction followed for a period of 15 days and both died of yellow fever when tested 
later for susceptibility. 

B. Ad-nUs. The second half of the eggs were immersed while still wet and the 
adult females that emerged, designated as Lot 185, were used in the following three 
tests: 

1. A normal rhesus (D), was bitten by 254 insects of this hatching. No ap- 
parent reaction occurred over a period of 19 days, nor was any noted when it was 
tested for susceptibility with known infectious material. In the light of the sub- 
sequent e.xperiments, it seems probable that this animal was insusceptible to 
yellow fever rather than immunized by the bites of the mosquitoes. 
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2. Fourteen days after they had been fed on Jlonkey D, 110 specimens of the 
same lot were allowed to bite another normal monkey, (E). This animal con- 
tinued to show normal temperatures for a period of 17 daj's. It was then inocu- 
lated with proved infectious blood, but although a sharp febrile reaction resulted, 
the monkey recovered. 

3. Forty-two days after the first feeding, the 96 insects remaining alive were 
stupefied with tobacco smoke and macerated in 4 c.c. of normal saline. The 
suspension was then injected subcutaneously into normal M. rhesus F. No 
reaction was noted during a period of 17 days in this animal w’hich when later 
exposed to the bites of an infective lot of mosquitoes, died of ^q^ical yellow fever. 

Experimeni II 

A. Eggs. The parent lot of mosquitoes was given a second blood-meal on a 
normal animal 14 days after their infecting blood-meal. Appro.ximately 400 ova 
were collected and treated e.xactlj’’ as in Experiment I. Injection of supernatant 
fluid after concentration in the centrifuge was omitted in this and in the following 
experiments. Two normal monkeys, G and H, were injected with 2.5 c.c. each 
of the egg emulsion, as before. The animals remained normal for 15 days and then 
proved susceptible to inoculation of virulent blood, developing fatal yellow fever. 

B. Adults. After removal of enough for use in section A of this experiment the 
remainder of the eggs of the second laying by the original mosquito lot was im- 
mediately immersed for hatching without drying. The adult females that 
emerged were labelled Lot 187 and employed in the two following tests: 

1. A normal monkey (I) was bitten by 350 insects of this lot 38 days after the 
original infecting meal of the parent lot. After a period of 22 days, the animal 
stni remained no rmal . It died with characteristic lesions foUowdng inoculation of 
virulent blood. 

2. Two himdred and fifty A. aegypti of the same lot fed on a second normal 
rhesus (J) 14 days after the first test. No reaction occurred during the following 
3 weeks and, when tested for susceptibility with infectious blood, this animal 
succumbed to yellow fever. 


Experiment III 

A. Eggs. Ova were again collected after the fourth blood-meal of the parent 
lot of aedes on a normal monkey, 41 days from the time of their initial feeding. 
About 400 eggs were washed, concentrated and ground in a sterile mortar without 
the use of abrasive material. Th., mixture was then diluted to 5 c.c. with normal 
saline and divided for injection into two normal animals (K and L) as in the pre- 
vious experiments. No reaction was noted during the succeeding 17 days and 
both monkeys died following inoculation of yellow fever virus. 

B. Adidls. As already explained a fifth blood-meal for the parent lot of 
mosquitoes was necessary to obtain eggs for the last experiment. This blood- 
meal occurred 54 days from the time of the original infecting feeding. The ova 
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collected were immediately immersed for hatching. The adult females obtained 
were designated as Lot 204 and employed in the two following tests: 

1. Normal M. rhesus M was bitten by 44 specimens of this lot. It showed no 
reaction during a period of 24 days and was not susceptible when tested with 


TABLE I 

Results of Attempts to Transmit Yellow Fever Virus to Normal M, rhesus through 
First Generation A. aegypti from Infective Parents 


Experiment No. 

Rhe^ i 

StiS 

Date 

Exposure 

Results 

Susceptibility 

test 

I 

Eggs and adults 

A 

Jan. 28 

2.5 C.C. saline emul- 
sion of 200 eggs 

No reaction for 
IS days 

Died, yellow 
fever 

obtained after 

B 

do 

do 

do 

do 

1st blood- 
meal of par- 
ent lot, Jan. 

c 

do 

3.0 c.c. saline used 
for wasliing 

above eggs 

do 

High fever, kill- 
ed for vims 

24 

i 

D 

Mar. 2 

Bitten by 254 
reared females, 
Lot 185 

No reaction for 
19 days 

Insusceptible 

1 

E 

Mar. 16 

Bitten by 110 of 
above lot 

No reaction for 
17 days 

Fever, recov- 
ered 


F 

Apr. 13 

Injected with 96 
of above lot 

do 

Died, yellow 
fever 

« i 

Eggs and adults j 

G 

Feb. 12 

2.5 c.c. saline emul- 
sion of 200 eggs 

No reaction for 
15 days 

Died, yellow 
fever 

obtained after 

H 

do 

do 

do 

do 

2nd blood- 
meal of par- 
ent lot, Feb. 

I 

Mar. 11 

Bitten by 350 
reared females, 
Lot 186 

No reaction for 
22 da)fs 

do 

7 

J 

Mar. 25 

Bitten by 250 of 
j same lot 

No reaction for 
21 days 

do 

III 

Eggs and adults 

K 

Mar. 14 

2.5 c.c. saline emul- 
sion of 200 eggs 

No reaction for 
19 days 

Died, yellow 

fever 

obtained after 

L 

do 

do 

do 

do 

4tli and Sth 
blood-meals 

]\I 

Apr. 22 

Bitten by 44 reared 
females. Lot 204 

No reaction for 
24 days 

Insusceptible 

of parent lot, 
Mar. 5 and 
18 

N 

May 1 

Injected with 41 of 
same lot 

No reaction for 
15 days 

Died, yellow 

fever 


known infectious blood. This was the second insusceptible animal encountered 
during these e.vperiments. 

2. Nine days from the time of the first blood-meal 41 insects in Lot 204 re- 
mained alive. These were stupefied witli tobacco smoke, macerated in 3 c.c. 
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normal saline in a ‘sterile mortar and injected into a normal rhesus (N) which 
showed no reaction during the following 15 daj's. It developed fatal yellow 
fever when later tested for susceptibility. This test was made 63 days after the 
original infecting blood-meal of the parent lot of mosquitoes. 

In section A of Experiments I and II, neutral glass powder was used 
as an abrasive aid in pulverizing the chorion of the eggs. In sections B 
of Experiment I, and in A and B of Experiment HI, the eggs and adults 
were ground up by friction alone. At no time were the ova used in 
the above experiments allowed to dry. All injections were made 
subcutaneously and carried out immediately following maceration thus 
eliminating possible deleterious effects from standing in suspension. 
It therefore seems unlikely that any explanation other than absence 
of the virus can account for negative results following the various 
injections. 

These results are in agreement with those of Stokes, Bauer and 
Hudson (1928). The data are summarized in Table I. 

SUIQIARY AND CONCLUSIONS 

Attempts to obtain passage of yellow fever virus from one generation 
to the next in A. aegypU were imsuccessful. Subcutaneous injections 
at var3dng intervals of a saline emulsion of 200 eggs laid by an infective 
lot of mosquitoes produced no reaction in six normal M. rhesus 
monkeys. Negative results were also obtained in five biting and two 
injection experiments with progeny of the same infective lot of 
mosquitoes in which seven normal monkeys were used. The eggs 
consisted of batches laid after the first, second and fourth blood-meals 
of the original lot; the latter feeding occurred 41 days after the initial 
infecting meal. The imaginal offspring represented rearings following 
the first, second and fifth blood-meals of the parent lot. The last 
feeding occurred 54 days after the first. 

It is concluded that under the conditions of the experiments here 
reported hereditary transmission of yellow fever by A. aegypti is 
improbable. Variations in age and in number of blood-meals of 
parent and offspring mosquitoes had no effect in achieving passage of 
the virus from one stage of the insect to another. 
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NUMBER OF GLOMERULI IN KIDNEY OF ADULT WHITE 
RAT UNILATERALLY NEPHRECTOMIZED IN 
EARLY LIFE 

Bv ROBERT A. MOORE ,* M.D. 

{From the Instiiuie of Pathology, Western Reserve University, Cleveland) 
(Received for publication, July 24, 1929) 

Despite many investigations, the total number of glomeruli in the 
hypertrophic kidney remains a question. The problem may be 
approached in two ways; first, experimental production of a hyper- 
trophic kidney by unilateral nephrectomy, and second, observations of 
the lesion in congenital anomalies of the urinary tract. The present 
paper reports the results of experimental investigations in the white 
rat. In a future paper, observations on congenitally asymmetrical 
kidneys will be presented. 

Two methods have been used by other investigators in the enumeration of the 
glomeruli in the hypertrophic kidney, a relative and an absolute method. The 
relative method compares the total glomeruli in equal areas of standard sections. 
The absolute method consists in a complete eniuneration of the glomeruli. Three 
types of the absolute method have been developed. Elittleson (1) coimted the 
glomeruli in serial sections and by the ingenious use of carbon paper avoided 
duplication. This method is applicable to small kidneys, such as the rat and 
mouse, but is too laborious for larger kidneys. Two students of Bensley have 
evolved injection methods which are quite accurate, yet are not time consuming. 
Nelson (2) used Janus Green B as a vital dye and counted the whole glomerulus in 
teased preparations. Vimtrup (3) modified Traut’s (4) Prussian blue injection 
method and enumerated the glomeruli in the kidneys of man, dog, cat, and white 
rat with a high degree of accuracy. 

The general trend of previous investigation separates the problem 
into two classes, the response of yotmg and of adult animals. There is 
general agreement that unilateral nephrectomy in the adult animal has 
no effect on the total glomeruli in the opposite kidney. The reported 
results in young animals are at variance. 

* Hanna Research Fellow in Pathologj*. 
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Tizzoni and Pisenti (5), Lorenz (6), Galcotti and Villa -Santa (7) and Zanetti 
(8) found an increase, while von Guddcn (9), Ribbert (10), Debenedetti (11) 
and Peruzzi (12) were unable to find histologic or quantitative evidence of the 
formation of new glomeruli. More recentl)'- Arataki (13) has demonstrated by the 
accurate method of Kittleson (1) that there is no increase of total glomeruli in the 
white rat after unilateral nephrectomy at 20 to SO days of age. Jackson & Shicls 
(14) in one animal found no increase after operation at 7 days of age. 

In the rat, tliere is an active fonnation of new glomeruli for some 
days after birth and it seemed desirable to extend these accurate 
studies to include animals operated at a time when the kidney exhibits 
definite nephrogenesis. 


Mcllwd 

Litters from thoroughly tame females were selected. In all cases one-half 
were operated and one half saved as controls. The right kidney was removed 
through a lumbar incision under ether anaesthesia. The pedicle was tied by one 
ligature and the wound closed by catgut and celloidin. 

The mortality of animals operated at 1 daj'- of age was high, only 1 of 10 surviv- 
ing to adult life, while the mortality at 3 days of age was about 50 per cent. 

At about 165 days of age, the animals were killed by a blow on the head and the 
kidneys injected with Janus Green B and counted according to the technique of 
Nelson (2). In all instances the counts represent a complete enumeration of the 
glomeruli in the left kidne3^ 


RESULTS 

Inspection of the accompanying table reveals that, aside from 
biological variation, tlie experimental animals do not differ in any 
marked respect from the controls. 

When tlie results are submitted to statistical analysis, the results 
leave much to be desired. 



Control 


Experimental 

Arithmetical mean 

Difference 

20,162 

209 

20,371 

Standard deviation 

1,184 


1,4S0 

Probable error 

Probable error of difference 

326 

552 

446 


The finding of a probable error of the difference twice as great as the 
actual difference makes the results ambiguous and points to insufficient 
number of observations. Assuming that the difference of the arith- 
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metical mean from the individual observations remains the same, a 
study of 50 animals in each group would be necessar}' in order to bring 
tlie probable error of the difference to about the same figure as the 
actual difference. It is clearly impossible to undertake such a study 
in one laboratory even if the mortality of unilateral nephrectomy in 
young animals were low. 

Despite the failure of mathematical proof, we believe that the 
results here reported demonstrate that unilateral nephrectomy in the 


TABLE I 


Rat No. 

Typ: 

Sex 

Body wt. 

Kidney No. 

Total count 

Nephrectomy — 1 Day of Age — Sacrificed — 165 Days of Age 



HH 

gm. 


■■1 

1 

Control 


370 

144 


2 

Experimental 


390 

111 


Nephrectomy — ^3 Days of Age — Sacrificed — 166 Days of Age 

3 

Control 


310 


21,411 

4 

Experimental 


285 


18,887 

5 

Experimental 


300 

115 

21,540 

Nephrectomj' — 3 Days of Age — Sacrificed — 16S Days of Age 

6 

Control 

Male 

290 

127 

21,899 

7 

Control 

hlale 

280 

130 

20,384 

8 

Control 

Male 

325 

132 

19,188 

9 

Control 

Male 

320 

134 

19,526 

10 

Experimental 

Male 

360 

128 

20,881 

11 

Experimental 

Male 

265 

129 

22,159 


The animab in each group are Utter mates. 


young white rat has no effect on the total number of glomeruli which 
will be formed in the opposite kidney. Certainly, the hjrpertrophic 
kidney does not contain double the number of glomeruli observed in 
the normal kidney. 

The counts here reported for the white rat differ appreciably from 
those of Kittleson (1), Arataki (13) and Vimtrup (3). The latter 
counts were made on the Wistar rat and average 28,000 to 30,000. 
We have been able to duplicate these counts on the standard rat’ but 
in our colony of black and white animals have never secured a count 
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higher than 22,200. We are at present attempting to explain this 
difference on a sub-species difference and will report the results of 
counts on hybrids at a future date. 

CONCLUSION 

Unilateral nephrectomy durmg the period of active nephrogenesis in 
the white rat has no effect on the total number of glomeruli which 
will be formed in the opposite kidney. 

I wish to thank Dr. Howard T. Karsner for many valuable sugges- 
tions in the writing of this paper. 
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THE FILTRABILITY OF YELLOW FE\TER VIRUS AS 
EXISTING IN THE MOSQUITO* 

By W. a. SA\S^R, M.D., Aia> MARTIN FROBISHER, Je., Sc.D, 

{From the International Health Division oj the Rockefeller Foundation, New York) 
(Received for publication, July 27, 1929) 

Evidence is lacking that yellow fever virus procured from the 
mosquito vector, Aedes aegypii, differs from that procured from man 
or monkey, except possibly with respect to filtrability. Stokes, Bauer, 
and Hudson* found that the virus in the serum of infected monkeys 
could be filtered readily through Berkefeld filters V and N, but that 
the virus from infective mosquitoes, grmmd and suspended in salt 
solution, could not be passed through these filters. The experiments 
here described were undertaken to determine whether the observed 
difference in filtrability was due to different properties of the virus 
itself or to differences in the medium in which it was contained. The 
filtrability of the virus from mosquitoes was tested with specimens 
obtained during the incubation period, meaning thereby the period 
before the bites of the insect become infective, as well as later, for 
Bauer and Hudson- had shown that the virus is present in the mos- 
quito during the entire incubation period in such quantity and in such 
state as to be infective to monkeys when inoculated experimentally. 

Various investigators have observed that the filtrability of minute 
particles, and even of dissolved substances, is affected by their elec- 
trical charge, and that the charge may be altered by changing the 
hydrogen ion concentration of the fluid in which they are contained. 
The surface tension of the fluid, through its relation to interfadal 
tensions within the filter during filtration, appears to be another of the 

* The studies and observations on which this paper is based were conducted 
with the support and under the auspices oi the International Health Division of 
the Rockefeller Foundation. Laboratory facilities were made available through 
the courtesy of The Rockefeller Institute for Medical Research in New York. 

* Stokes, A., Bauer, J. H., and Hudson, N. P., Am. J. Trop. Med., 1928, 8, 10.3. 

* Bauer, J. H., and Hudson, N. P., J. Exp. Med., 1928, 48, 147. 
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properties which aifcct the filtrability of suspended or dissolved sub- 
stances. The evidence with regard to these factors and others 
influencing adsorption in Alters has been summarized by jNIudd.’ 

Methods 

The mosquitoes used in these experiments were of the species Aedcs (Stegomyia) 
aegypli, and all were bred in the laborato^}^ The four mosquitoes used during the 
incubation period in E.xperimcnt II were descended from mosquito ova sent us 
from Edenton, North Carolina, bj' Dr. Mark F. Boyd. The others were descend- 
ants of mosquitoes from ova brought to us from Bahia, Brazil, by Dr. J. H. Bauer. 

The newly emerged imagoes were placed in cylindrical glass catching tubes, one 
male and one female in each, and the tubes were closed with a layer of marquisette 
bound firmN in place with adhesive tape. The mosquitoes were fed with moist- 
ened raisins laid on the marquisette. IWicn feedings on monkeys were required 
by the e.xperiments, the animals were anestlietized by intraperitoneal injections of 
iso-amyl-ethyl-barbituric acid and the mosquito tubes were held against the skin 
so that the insects could bite through the meshes of tlie cloth. 

The mosquitoes used in these e.xperiments were infected by feeding them on 
monkeys, experimentally infected with 3 '-ellow fever, on the first da)’’ of fever 
(40'’C. or over). Of the 16 mosquitoes used in E.xperiment 1, 15 had fed on one or 
other of two monkeys inoculated with the French strain of yellow fever from West 
Africa, and one had fed 22 days before on a monkey inoculated with the F. W. 
strain of virus from Brazil. The F. W. strain had been obtained original^ from 
Dr. H. de Beaurepaire Aragao of the Oswaldo Cruz Institute in Rio de Janeiro. 
The mosquitoes used in Experiment II had been fed on monkeys which had been 
inoculated with the Asibi strain of virus from West Africa. The test inoculations 
noted in the tables were made with dried virus of the Asibi strain. The origins of 
these strains of virus have already been published.' • ® 

To obtain material for filtration the mosquitoes were stupefied with tobacco 
smoke, removed from their containers, and finely ground up in the appropriate 
fluid in a mortar. 

The monkeys used in these experiments were of the species Macaais rhestts 
e.xcept Monkeys 1 and 2 in Experiment I, which were Macacus cynomolgus. 
They were inoculated by intraperitoneal injection or were bitten by mosquitoes. 
Rectal temperatures of the monkej's were taken twice each day. In the cases of 
those which contracted j'-ellow fever the diagnosis was confirmed bj'^ necropsj’ and 
histological examination of the tissues. 

The filters used were Berkefeld V or N, of size 1.5 by 6.0 cm. They were tested 
under water by air pressure before and after use, and no defects were found. To 

* Mudd, S., in Filterable Viruses, edited by Rivers, T. M., Baltimore, 1928, 55. 

Saw>’er, W. A., Lloyd, W. D. M., and Kitchen, S. F., J. Exp. Med., 1929. 50. 1. 

® Davis, N. C., and Burke, A. W., / Exp. Med., 1929. 49. 975. 
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each fluid to be filtered was added a heavy suspension of B. prodigiosus (1.0 cc. 
in Experiment I and 0.5 cc. in Experiment 11), and in no case did this organism 
appear in the filtrate. The fluids passed through the filters in a very few minutes. 
We were unable to maintain a constant pressure with the apparatus used, and the 
negative pressure started low and rose during filtration. It reached 61 cm. of 
mercury in the filtration with the Berkefeld filter V in Experiment I, but in the 
other filtrations it did not reach 54 cm., the least negative pressure measurable by 
the manometer used. 

The serum used in the experiments was obtained by bleeding a normal monkey 
from the heart under ether anesthesia on the day before the first experiment. An 
equal volume of 0.9% sodium chloride solution was added to the serum in each 
experiment. In the first experiment the mosquitoes were ground up in salt 
solution and the resulting suspension was divided and incorporated in the fluids 
used in the three parts of the experiment. In the second experiment the mos- 
quitoes were ground in the serum-saline mixtures. 

The hydrogen ion concentrations of the saline solution and of the undiluted 
serum were determined before filtration and found to be 6.6 and 7.8 respectively. 
The figures in the table show the pH of the filtrates. 

Measurements of the surface tension of the monkey serum used in both experi- 
ments when diluted with an equal part of 0.9% sodium chloride, were made with 
the du Noiiy tensiometer at the time of the second experiment. The serum-saline 
mixture gave a reading of approximately 55 dynes at 20®C. when corrected for 
temperature. At the same temperature the sodium chloride solution would have a 
corresponding surface tension of 77 dynes. 

Experiment I 

The purposes of Experiment I were to determine whether yellow 
fever virus of infective mosquitoes would pass Berkefeld filters when 
placed in monkey serum, the fluid in which the virus from monkeys 
had been shown to be filtrable, and further to test the filtrability of 
the virus when in saline solution. The results are shown in Table I. 

Sixteen mosquitoes were used. The intervak since they had fed on infected 
monkeys were 14 days for 3 mosquitoes, 16 days for 12 mosquitoes, and 22 days 
for one. It was expected that all had become infective, as the temperature of the 
mosquito room stood as a rule between 26° and 28°C. and w-as controlled by auto- 
matic electric heaters, and was humidified. 

The suspension of mosquitoes in salt solution was filtered through the coarser 
filter, Berkefeld V, as it was not expected that the virus would pass through because 
of the results of earlier workers.^ The suspension in diluted serum was filtered 
through a finer filter, Berkefeld N, as it seemed probable that the virus would pass 
through, and it was desired to make the test as ripd as possible. As will be seen 
in Table I, the serum filtrate contained enough virus to induce yellow fever in a 
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monkey, the incubation period being onl}'- 2.5 days (maximum temperature 
39.8°C.), with death on the fifth day after inoculation. The salt solution filtrate 
from the coarser filter produced no effect and tlie monkej'^ remained susceptible to 
j’^ellow fever. 

The experiment showed that tlie virus in infectious mosquitoes is 
filtrable when suspended in diluted monkey serum; while tlie failure 

TABLE I 

Experiment I, Fillrability of Yellow Fever Virtts in Infective Mosquitoes When 
SmPendci in Salt Solution and When Suspended in Diluted Normal 
Monkey Serum. Performed M areh 16, 1929 


Num- 
ber oJ 
monkey 
inocu- 
lated 

1 

Gnade 

of 

Berke- 

fcld 

filter 

j 

JI.ateriaI injected 
into moticy 

{>Eot 

filtrate 

Amount 

injected 

Results 

I).itc of 
inocula- 
tion to 
test 

suscepti- 

bility 

Result of test 
inoculation 

1 

1 

i 

v 

Filtrate from in- 
fective mos- 
quitoes in salt 
solution 

6.4 

cc, 

10* , 

i 

No reaction 

i 

April 
20 i 

Died April 26 of 
yellow fever 

2 

N 

Filtrate from in- 
fective mos- 
quitoes in 

diluted normal 
monkey serum 

I 7.7 

i 

1 

10* 

1 

! Died, March 
21ofyel- 

1 low fever 

I 

1 

! 



3 

i 

1 


Unfiltered in- 
fective mos- 
quitoes in salt 
solution 

i 

2** 

No reaction 

[ 

April 

13 

Died April 17 of 
yellow fever 


* Contained the equivalent of five mosquitoes. 
** Contained the equivalent of one mosquito. 


to filter the mosquito virus suspended in saline solution was devoid of 
significance, since the control monkey was not infected or immunized 
by the injection oi a small amount of the unfiltered suspension. It 
seems probable that some factor in the artificial environment of the 
mosquitoes had not permitted the virus in their bodies to become or 
remain abundant. That this was the case is suggested also by the 
fact that in two additional experiments, mosquitoes which had fed on 
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infected monkeys on the first day of fever did not produce infection or 
immunity when injected into normal monkeys. 

In the unsuccessful experiments referred to, an attempt was made 
to determine whether the virus wmuld be filtrable in sodium chloride 
solution and also in infusion broth if the pE was maintained by a 
phosphate buffer at 7.8, the pH at which the virus in the mosquito- 
serum mixture in Experiment I had been shown to be filtrable. 


TABLE n 

Experimenl II. Fillrahilily of Yellow Fever Virtis in Infective Mosquitoes and hi 
Mosquitoes during the Incubation Period, When Suspended in Diluted 
Normal Monkey Serum. Performed June 17, 1929 


Number 

of 

monkey 

inoculated 


Grade of 
Bcrkefcld 
filter 


N 


Material injected 
into monkey 


Filtrate from 2 
mosquitoes in 
diluted normal 
monkey serum 


Time since 
mosquitoes 
had bitten 
infectious 
monkey 


days 

11 


pH of 
filtrate 


7.2 


Amount 

injected 


11.3* 


Result 


Died June 22 of 
yellow fever 


5 


N 


Filtrate from 4 
mosquiotes in 
diluted normal 
monkey serum 


6 


7.2 


10.3** 


Died June 23 of 
yellow fever 


6 


Bitten by one of the 11-day mosquitoes and all of the 6- 
day mosquitoes on the day of the experiment*** 


Died June 22 of 
yellow fever 


* Contained the equivalent of 1.5 infective mosquitoes. 

** Contained the equivalent of 2.7 mosquitoes in the incubation period. 

*** Infected by the 11-day mosquito, as the others were in about the middle 
of the incubation period of the virus. 


Experiment II 

The second experiment was devised to test again the filtrability of 
the virus from infective mosquitoes, as determined in Experiment I, 
and to ascertain whether the virus in the mosquito is filtrable also 
during the incubation period. By the use of the term “incubation 
period” we do not intend to imply that there occurs an increase in the 
total amount of virus in the mosquito during this period, for that has 
not been proven. The results of Experiment II are shown in Table 11. 
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PILTRABILITY OF YELLOW FEVER VIRUS 


This experiment was carried out in the early summer and the environmental 
conditions ma}' have been better for the survival or increase of the virus in the 
mosquitoes. The temperatures in the mosquito room were higher than before and 
frequently rose above. SO^C. Anotlicr difficulty developed, however, — a high 
mortality among the mosquitoes. It was possible, nevertheless, to carrj' out 
Experiment II with the few survivors, as the virus content of the mosquitoes proved 
to be great. 

Of one lot of mosquitoes only two females remained alive on the eleventh day 
after biting an infected monkc}-. To conseix'c the insects for filtration, the test 
for infectivity was made by applying the live mosquitoes to a normal monkey 
instead of using some of the unfiltered mosquito suspension for inoculation. Only 
one of the mosquitoes bit tlie animal, but that was sufficient to infect. The 
virus from the two mosquitoes mentioned, after filtration in diluted serum through 
a Berkefeld N filter, infected a monkey on inoculation. The incubation period was 
2.5 days and death occurred on the fifth day. This confirmed the previous ob- 
servation with regard to virus from infective mosquitoes when suspended in 
diluted serum. 

In the second part of the e.xperiment four mosquitoes were used which were in 
about the middle of the virus incubation period. They had fed on an infected 
monlrej’^ only six days before. At first it was hoped to keep them longer and tliey 
were fed on the normal monkey (Number 6 ), before the two mosquitoes above 
referred to were applied to it, in the hope of prolonging tlieir lives. Some of tliem 
appeared to be dying in the afternoon of the same day, and they were used at once. 
When suspended in diluted serum the virus from these mosquitoes, though in the 
incubation period, passed a Berkefeld N filter, and infected a monkej’-, which came 
down witli yellow fever in 3.5 days after inoculation and died on the sixth day. 

CONCLUSIONS 

The virus of yellow fever as it exists in Aedcs aegypH mosquitoes, 
both in their so-called infective stage and in tlie intermediate condition 
termed the “incubation period,” is capable of passing through Berke- 
feld N filters when suspended in normal monkey serum, although 
earlier investigators have shown that the virus from infective mos- 
quitoes will not do so when suspended in physiological salt solution. 

The virus of 5’'ellow fever as it exists in mosquitoes behaves with 
regard to filtration through Berkefeld N filters as does the virus in the 
blood of infective monkeys. 



THE BLOOD IN HOG CHOLERA* 

Bv PAUL A. LEWS, M.D., and RICHARD E. SHOPE, AI.D. 

{From the Departmeni oj Animal Pathology of The Rockefeller Institute for Medical 
Research, Princeton, N. J.) 

(Received for publication, August 13, 1929) 

The present study concerns the properties of the blood of the 
cholera animal considered as the carrier of the virus of the disease on 
the one hand, and as reflecting the pathological effects of the disease 
on the other. 

If the blood of the cholera hog be drawn with aseptic precautions 
in the early days of the fever (before the 5th) it will frequently be 
found free of bacteria demonstrable by the usual methods of aerobic 
and anerobic cultivation. Inoculated into a normal animal the dis- 
ease may be readily produced after an incubation period varying from 
3 days to 3 weeks depending on the activity of the virus and the re- 
sistance of the animal. 

The virus is both free in the serum or plasma and, as Dinwiddle (1) showed, 
so associated with the cells that repeated washings wdth the centrifuge do not 
detach it. Although this observation is usualy quoted as relative to red cells, 
Dinwiddle’s paper does not discriminate between the red and white cells and blood 
platelets. Dinwiddle also noted round, stainable bodies in the red corpuscles 
(11), while King, Baeslack, and HoSman (2) believed that they found a small 
spirochete in small nmnbers in the blood. 


* The data on infectious enteritis and swine influenza were obtained in Iowa 
where these two diseases are prevalent. We were fortunate in having the coopera- 
tion of the Eastern Iowa Veterinary Medical Association and more particularly 
of the following members: Drs. Fred Crow, E. O. Thomas and J. S. Potter of Iowa 
City, A. H. Legenhausen, G. B. Monger and J. W. Griffith of Cedar Rapids; W. J. 
Pirie o£ Springville; W. C. VoUstedt of Dison; J. C. Glenn of Norway; H. J. Fry of 
Kalona; and J. B. Bryant of Mount Vernon. We wish also to express our appre- 
ciation for cooperation in this investigation to Dr. C. T. Rogers of Swedesboro, 
New Jersey; and to N. W. Brooks of Cedar Rapids, Iowa. 

We are indebted to the State University of Iowa Jledical School and especially 
to Dr. 0. H. Plant of the Department of Pharmacologj- and Dr. G. H. Hansmann 
of the Department of Pathology' for the use of the laboratory' facilities. 
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BLOOD IN HOG CHOLERA 


The actual potency of tlie vims has quite recently been determined quantita- 
tively. Uhlenhutli (4) had stated that dropping a minute amount of vims into 
the uninjured conjunctival sac sufSced to produce infection but gave no actual 
measures. The reports of McBryde and his coworkers, however, give increasingly 
accurate determinations of blood virulence which their latest figure places at 
0.00003 cc. (5). Roderick and Schalk (6) found that 0.00002 cc. of the virus semm 
•was sufficient to produce an infection with hog cholera. 

EXPERIMENTAL 

The work here reported w'as done with a strain of virus obtained from a commer- 
cial laboratory in 1925. It has been maintained bj’" occasional passage through 
swine at this laboratory. Our e-xperimental animals are bred in tlie Institute’s 
establishment. The}’' are fed no animal products, and are cared for with everj' 
attention to isolation. They have never been vaccinated against hog cholera, 
and there has been no case of the disease in the stock since its establishment as a 
segregated herd in 1920. No animal inoculated with usual quantities of the •vims 
strain has failed to develop the disease when kept under the usual conditions. 

In the early passages intraperitoneal inoculation with 1, 2, or 4 cc. 
of virus blood taken about the 5th day of the fever quite regularly 
resulted in the establishment of disease after an incubation period of 
4 to 7 days. Recently the incubation period has been quite regularly 
3 days. Experiment has shown that our virus is approximately as 
active as that reported by McBryde. We have induced typical 
cholera with a four day incubation period with 0.00001 cc. of blood. 
The further tenfold dilution failed to infect. 

Repeated examinations of blood have been conducted in an effort 
to obtain visual evidence of the virus. Bodies similar to those de- 
scribed by Dinwiddie are readily made out in variable numbers. 
Careful control has shown indistinguishable structures in normal 
swine blood. The larger bodies seem to be those frequently noted by 
hematologists as “Jolly bodies.” The smaller seem to be asso- 
ciated with the occurrence of reticulation and basophilic granulation 
of the red blood corpuscles, with modifications in appearance due to 
the application of unusual or unstandardized staining methods. 

Blood smears have been made in the usual way on carefully cleaned slides. 
They have been fixed with heat, methyl and ethyl alcohols, alcohol ether mbeture, 
acetone, formaldehj'de, Zenker’s fluid or Regaud’s fluid and stained after each 
sflxation with Gram stain, Loeffler’s methylene blue, carbol fuchsin, and Giemsa’s 
IMany preparations have also been made with Borrell’s toluidihe blue, 
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■n-ith Goodpasture’s fuchsin as for Negri bodies and -with eosinmethylene blue. 
Fresh blood has been moimted on slides under cover slips, sealed and examined. 
In a number of instances the white cells have been concentrated before mountmg 
and in other cases the serum or plasma, freed so far as possible of cellular elements 
by centrifugalization, has been examined. Fresh preparations have also been 
stained supravitally with neutral red and Janus green. Both direct and dark 
field illuminations have been used with the best available optical apparatus, on 
both the fresh and the fixed and stained blood. The examinations have been car- 
ried out with the aid of a mechanical stage, and the study of preparations has been 
both prolonged and systematic. 

The examinations have shown the presence of small numbers of 
bacteria in the preparations from both supposedly normal and from 
diseased animals on several occasions. 

No abnormal formed element has been observed which could by 
any possibility be identified with the virus. In special no spirochete 
was seen, and no motile form of any sort amongst the granular matter 
so prominent in dark field films prepared in the usual manner from 
blood, blood plasma and serous exudates. Furthermore when blood 
was thoroughly defibrinated by stirring with a wire whip and examined 
at once with the dark field the intercellular spaces were often almost 
optically empty. No cell inclusion peculiar to the disease has been 
foimd. 

On the basis of a virus potency of 0.00001 cc. each preparation may 
be supposed to contain at least 1,000 elements. (The usual well 
prepared thin blood smear on a slide uses from 1-200 to 1-500 cc. of 
blood and a fresh preparation on a slide under a 7/8 inch cover for 
either dark field or direct illumination cannot hold more than 1/100 
cc.) This imparts confidence that the opportunity for observing 
elements, were they demonstrable by the methods employed, is 
adequately afforded by the material. 

Many and repeatedly renewed attempts have been made to culti- 
vate the virus, all imsuccessful. Particularly it may be noted that 
the method successfully used by Marchoux (7), and later by Land- 
steiner and Berliner (8) for the propagation of the virus of “Hiihner- 
pest” has been thoroughly tried for our purpose. Anaerobic as well 
as aerobic conditions have been used without result. We have not 
so far tried the S3Tnbiotic method with tissue cultures or other micro- 
organisms. 
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Tlie announced successful cultivation of the virus, in the form of 
Spirocheta hyos, by King and Drake (9) cannot be highly regarded 
when it is recognized that the dilution potency of the virus is so much 
greater than they supposed. 

The Cellular Pathology of the Blood 

In hog cholera it was noted by King and Wilson (3) that an average of a number 
of examinations showed a leucopenia of moderate degree. They found that for 
normal hogs tlie total leucocyte count averaged 19,982 (43 examinations on 42 
individuals). The maximum recorded as normal was 39,296, the minimum was 
10,070. For the cholera animals the total average was 15,515 (20 e.xaminations 
of 16 individuals). The maximum was 23,600, the minimum 7,200. The authors 
give no data as to the method or materials of inoculation for the animals whose 
blood counts were given. No protocols appear in whicli tiie progress of the blood 
changes can be correlated with advancing disease and it is impossible to reconstruct 
such a correlation from the information given in the tables. Their average change 
is in the same direction as that which we are able to record, but witli their tables 
alone one would conclude that the clianges were much less significant in point of 
regularity and extent than those we have e.xpcrienced. 

Lewis, Shuler, McElroy and Ritter (10) confirmed the observations just men- 
tioned but apparently did not greatly extend them. The lowest white cell count 
observed by these authors was 7,000 per cu. mm. Like King and Wilson, they 
found a progressive decrease in the red blood corpuscles and a comparable decrease 
in hemoglobin. Their data do not permit of a clear correlation between the 
development of the anemia and tlie progress of the disease. 

Dinwiddie (11) found leucopenias in swine suffering from hog diolera that were 
very marked in some animals and corresponded very closely to what we have 
observed in the experiments to be reported here. It is impossible, however, from 
Dinwiddie’s figures to reconstruct the actual progress of the leucopenia or to de- 
termine its possible significance as an aid to the identification of a disease as hog 
cholera. Regner (12) in Germany, has attempted to differentiate hog cholera, 
swine plague and swine erysipelas by means of the blood picture and has described 
a rapidly occurring leucopenia in acute bog cholera. 

It appeared to us that if a definite leucopenia was indeed a constant 
feature of acute hog cholera it might be used as a discriminating aid 
to the diagnosis of the disease, and we have therefore restudied the 
question. 

It became apparent that the usual method of collecting the blood 
for counts was ill suited to any considerable series of observations on 
swine. The task of filling the counting pipettes accurately from a 
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skin puncture was so difficult and time-consuming that a more satis- 
factory method was sought. The technique finally used in making 
several hundred blood counts on swine was so simple and rapid that 
it seems worth while to describe it in detail. With only slight modi- 
fication it could be adapted for use with other large animals. 

The equipment needed for the blood collection consists of a pair of moderately 
heavy scissors, a number of 50 ml. round-bottomed, wide-mouthed centrifuge 
tubes or ordinary wide vials with rubber stoppers, some small rubber bands, and a 
small amoimt of an anticoagulant. For the latter, we have used heparin, 1 mg. 
per 5 cc. of blood, in most of our work, but either potaassium oxalate, 2 mg. per cc. 
of blood, or sodium citrate, 2 mg. per cc. of blood, wiU be found satisfactory. The 
latter two anticoagulants maj’ give rise to imperfectly formed crystals but these 
can be distinguished by the use of the “high dry” objective. 

Blood is obtained by cutting oS a small portion of the hog’s tail with scissors, 
thus opening the relatively large coccygeal arteries, and is collected in a 50 ml. 
wide-mouthed tube containing powdered antigoagulant in sufihcient amount. 
Our practice has been to keep in readiness a number of these tubes each containing 
sufficient anticoagulant for 5 cc. of blood, the 5 cc. level on the tube being marked. 
After the specimen has been obtained the tube is closed, using a rubber stopper 
preferably, and further hemorrhage from the animal’s tail is prevented by wrap- 
ping a rubber band about it over a smaE pad of absorbent cotton, as near the tip as 
possible, rather tightly. 

Before making a count on the blood the tube shoidd be agitated again to insure 
thorough mixture of the corpuscles and plasma which sometimes separate rather 
rapidly on standing especiaUy in blood from febrile animals. Then a smaU amount 
(0.5 cc. is sufficient) is removed from the tube by pipette and run out on a clean 
glass microscopic slide. From the pool thus formed the hemocytometer pipettes 
are promptly fiEed using 2 per cent acetic acid as the dEuent for the white blood 
cells and physiological salt solution as the dOuent for the red blood corpuscles. 
The blood film for the differential count can be made in the usual manner. From 
this point the counts are conducted after the standard methods. 

The method has been checked against counts made on blood coEected directly 
from skin puncture and found to agree satisfactorEy. A few tj'pical counts are 
presented in Table I. Animals unth normal munbers of red and white ceEs and 
those with the anemia and leucopenia characteristic of hog cholera are included. 
We have also determined that counts made on samples of blood that have stood 
at warm room temperature aE day are comparable to those made immediately 
after the blood is drawn (Table II). This makes it possible to study the blood 
of atumals coEected at a distance from the laboratory. Specimens are satisfactory 
for “supravital” staining with neutral red and Janus green for at least 3 hours. 
The leucocytes retain their motEity and their cytoplasm takes up the dj'es satis- 
factorEy for this length of time at least. 
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TABLE I 


Coiuparison of Counts from Counting Pipettes and from Tubes with Heparin, 
Potassium Oxalate or Sodium Citrate 



! 


Indirect (bled from tail) 

Animal No. 

Cells 

Direct (ear) 

Heparin 
(1 mR. per 5 cc. 
of blood) 

Potassium 
oxalate (2 mg. 
per cc. of blood) 

Sodium citrate 
(2 mg. per cc. 
of blood) 

434 

Leucocj'tes 

Erythrocytes 

fcT cu. mm. 1 

3,200 i 
4,435,000 

per cu. mm. 

2,320 
4,575,000 j 

per cu. mm. 

2,900 

4,435,000 

per cu. rr.m. 

2,480 

4,175,000 

435 

Leucocytes 

Erythrocytes 

6,440 

5,110,000 

6,520 

5,675,000 

6,400 

5,515,000 

6,300 

5,725,000 

396 

Leucocytes 

Erytlirocytes 

24,750 

7,162,500 

27,400 

7,037,500 



437 

Leucocytes 

Erythrocytes 

22,040 

6,475,000 

22,600 

6,400,000 

22,600 

6,375,000 

23,200 

6,350,000 

438 

Leucocytes 

Erythrocytes 

23,200 

6,050,000 

24,400 

6,450,000 

25,000 

6,250,000 

24,800 

5,985,000 


TABLE n 

Comparison of Counts Immediately after Bleeding and after Storage. Blood Samples 
Drawn in Rapid Succession from Swine 395 


Time of storage 

Cells 

Heparin 
(t mg. per S 
cc. of blood) 

Potassium 
oxalate (2 
mg. per cc. 
of blood) 

Sodium ci- 
trate (2 mg. 
per cc. of 
blood) 



per cu. mm. 

Per cu. mm. 

at. mm. 

Within 1 hour following bleeding | 

Leucocytes 

Erj'throcytes 


18,100 

6,487,500 

17,400 

6,225,000 

After 7 hours at room tempera- f 
ture (72°F,) and 17 hours in re- j 
frigerator ( 

Leucocytes 

Erythrocytes 


19,300 

6,575,000 

18,050 

6,600,000 


Blood Changes in Experimentally Induced Hog Cholera 

On one or more days preceding inoculation normal counts were 
obtained on the animals. The virus was administered either intra- 
peritoneally, intracutaneously, subcutaneously or intracorneally, 
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the mode of administration or amount given (within the range used 
in these experiments) being immaterial to the results as regards blood 
cell alterations. Five of the six animals studied were killed when 
moribund, for pathological material and the other (Swine 432) was 
allowed to die of the disease. 

The results were, in essential detail, the same for the six animals 
(Table III) . All showed a progressive moderate anemia, the attempt 
at regeneration being demonstrated by showers of nucleated red cells 
appearing in the circulation rather early in the disease. The leuco- 
penia in all cases was extreme and in five of the six animals was very 
evident even as early as 48 hours following inoculation. It preceded 
the 'temperature reaction or any of the clinical manifestations of the 
disease. The decrease in leucoc 3 d:es was rather rapidly progressive 
so that by the time the temperature reaction was definitely established 
counts ranging from 2,000 per cu. mm. or lower to 4,000 per cu. mm. 
were the rule. This extreme leucopenia was maintained, with irregu- 
lar fluctuations, over a period of from 8 to 13 days, in animals living 
long enough, when the leucoc}^e coimts rose somewhat to establish 
a more moderate leucopenia. At no time, however, did the white cell 
coxmts reach levels approaching normal. That these variations were 
genuine and not merely a matter of blood dilution was established by 
determinations which showed that the corpuscle volmne and total 
solids of the whole blood and plasma were unchanged. 

Study of the fixed films indicated that the polymorphonuclear 
leucocytes were most affected. The leucopenia, however, involved 
the lymphoc)rtic series as well. Two typical protocols are given in 
Table IV. Preliminary studies of blood supravitally stained with 
neutral red and Janus green indicate that differential counts on fixed 
blood smears do not truly represent the actual hematological picture, 
for supravitally stained preparations, of the blood which showed no 
pol 3 Tnorphonuclear neutrophiles and eosinophiles in fixed prepara- 
tions, frequently yielded these cells very badly damaged, much vacuo- 
lated, and apparently very fragile.** 

The total leucocyte counts of normal swine blood containing either 
heparin or potassium oxalate as anticoagrflants do not change on 

** These examinations were aided bj' the personal advice and assistance of Dr. 
Florence R. Sabin and Dr. Charles A. Doan. 
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incubation for periods of 7 hours at 37°C. Blood from early cases of 
hog cholera, however, when incubated for 7 hours with heparin as 
anticoagulant, is characterized by a further progress in leucopenia. 
Potassium oxalate or sodium citrate used as an anticoagulant for 
similar samples of blood inhibits this progress in the leucopenia. A 
typical example is given in Table V. 


TABLE V 

The Effect on the Leucocyte Count of Incubating Normal and Cholera Swine Blood — 

Swine 441 


Time after 
inoculation 

Temper- 

ature 

Heparin (1 mg. per S cc. of 
blood as anticoagulant) 

Potassium oxalate (2 mg. per 
cc. of blood as anticoagulant) 

Sodium citrate (2 mg. 
per cc. of blood as 
anticoagulant) 

Incubated 

Incubated 

Incubated 

0 hrs. 

7 hrs. 

24 hrs. 

0 brs. 

7 brs. 

24 hrs. 

0 brs. 

7 brs. 

„ 

«c 

ptr cu. 

#«r cu. 

i>er cu. 

Per cu. 

Per cu. 

ter cu. 

per cu. 

ter cu. 



mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

Normal 

37.8 

26,600 

24,160 


25,700 

27,200 




Inoculated intraperitoneally with 1 cc. of hog cholera virus 

1 

37.7 

14,040 

11,940 


15,540 

14,200 




2 

38.7 

9,900 

8,700 


9,240 

9,940 




3 

38.5 

10,740 

7,100 







4 

40.5 

6,940 

7,240* 


5,860 

6,700* 




5 

40.6 

7,500 

5,440 


6,480 

6,960 

6,400 



6 

40.6 

4,600 

2,800 


5,040 

5,000 


5,300 

4,500 


* Many small, round forms. 


Blood Changes in Field Cases of Hog Cholera 

It seemed possible that factors other than those encountered in 
experimentally induced hog cholera might cause the blood changes in 
field cases of the disease to be less characteristic. Consequently, 
data were obtained on animals sick with acute hog cholera from five 
widely separated herds. These data are presented in Table VI. 
The leucopenia is just as characteristic in naturally occurring hog 
cholera as it is in that experimentally induced, and the leucoc 3 die 
counts on normal hogs under field conditions compare very well with 
those recorded for our normal laboratory animals. They range from 
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14,000 per cu. mm. to 26,500 per cu. mm. and the average of fifteen 
such animals was 21,800 Icucoc 3 des per cu. mm. 


The Lciicopenia of Hog C holey a as a. Diagnostic Aid 

At present, certainty in the diagnosis of hog cholera is to be secured 
only by the reinoculation of filtered materials into healthy animals. 
It would seem, therefore, that any additional clinical evidence which 
should be precise and readily obtained would be both welcome and 
useful, even though it might lack the quality of absolute certainty. 

TABLE VI 


Counts on Field Cases of Hog Cholera 


Case No. 

Erj'throcylcs 

Leucocytes 

Remarks 

Woodbury 

1 

per cu. mm. 

3,850,000 

per cu. mm. 

960 

"Vaccination break” 

H 

2 A 

5,575,000 

6,520 

tt « 

it 

3 

5,400,000 

9,550 

(t iS 

tt 

2B 

4,925,000 

9,400 

it t( 


13 

4,815,000 

6,140 

tt t( 

Trenton 

1 


7,040 

Spontaneous 

U 

2 


1,200 

U 

Plainview 

1 


4,740 

"Vaccination break” 

WTiittier 

2 


5,000 

(f tt 

it 

3 


4,840 

1 (C it 

Kalona 

1 


7,800 

Spontaneous 

H 

2 


6,140 

t( 

« 

3 


7,300 

tt 

(C 

4 


2,900 

« 


The leucopenia observed in the disease is so extreme that it has seemed 
possible to use it as a discriminating aid in the diagnosis of the disease. 
With this in mind, further work has been done with swine diseases, 
often clinically confused with cholera, and with phases of hog cholera 
itself, that might conceivably show a different blood picture. 

Following immunization of swine against hog cholera, using the 
so-called simultaneous or double treatment, vaccination breaks not 
infrequently occur; that is, during a period ranging from a few days 
to two weeks or longer after immunization a few animals in the herd 
or the whole herd become sick. Under such conditions it is of the 
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utmost importance to both the owner of the herd and the veterinarian 
in charge to determine promptly whether the disease is hog cholera or 
something else. For this reason we have determined the effect on the 
blood picture of the administration to normal swine of hog cholera 
virus and antisenun, in the quantities used in conferring active im- 
munity against hog cholera. Dr. J. T. McGrann of Trenton, New 
Jersey, kindly made this material available to us. Leucocyte counts 
were made on animals just before the immunizing injections and at 
the end of 1, 3, and 5 days. The data obtained in this experiment 
are given in Table VII. 

A condition very often suspected and very seldom seen in swine is 
hemorrhagic septicemia. We have tried for a long while, unsuccess- 


TABLE vn 

The Effect of Anti-Bog Cholera Immunization on the Lcwocyte Count of Swine 


Time after 
immunizaUon 

Swine 401 
I-eucocytes 

Swine 403 
Leucocytes 

Swine 404 
Leucocytes 

Swine 405 
Leucocytes 

i 

^tr eu, mm. \ 

Per cu. mm. 

Per cu. mm. 

Per cu. mm. 

Nonnal ! 

14,040 

25,440 

25,200 

26,440 


Double treated with Pitman-Moore hog cholera virus and serum 


1 day 

28,840 

23,880 

30,900 

39,800 

3 days 

18,140 

25,340 

37,100 

38,100 

5 days 

17,740 

22,540 

27,140 

34,540 


fully, to obtain an uncomplicated case. Failing that we have resorted 
to a study of swine inoculated with Bacillus suisepticus. A protocol 
of the experiment is given in Table VIII (Swine 394 and 398). 

It was conceivable that secondary invasion of an animal, suffering 
from hog cholera, by an organism normally capable of producing a 
leucocytosis would serve to obscure the characteristic cholera leuco- 
penia and make differential diagnosis by the leucocyte count impos- 
sible under such conditions. To test this possibility two hogs were 
inoculated with hog cholera virus and the disease allowed to progress 
for 7 days until the animals were well into the stage of leucopenia. 
They were then inoculated with B. suiseplicus in a dosage that was 
known, by reason of the experiment just cited, to be capable of pro- 
ducing a marked leucocytosis in normal swine. Blood counts v/ere 
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done at 2, 6 1/2, and 11 1/2 hours after inoculation and daily for 3 
days more. At no time did a leucocytosis result (Table VIII, Swine 


TABLE vni 

The Effect on the Blood Picture of Inoculating Normal and Cholera Injected Swine 

with B. suiscpticus 


Time after inoculation 

Swine 396 

Swine 397 

Tempera- 

ture 

Erj’tlirocj'tcs 

Leucocytes 

Tempera- 

ture 

Eo'throc}-tcs 

Leucocj'tes 

days j hrs. 

Normal 

°C. 

39.5 

per cu. mm. 

6,100,000 

Perea, mm 

17,350 

°C. 

38. 9 

per cii, mm. 

7,037,000 

percu. mm. 

17,050 


0.1 cc. hog cholera virus intraperitoncally 


1 


39.4 

6,100,000 


38.6 

6,920,000 

17,224 

2 


40.2 

6,512,000 

8,290 

39.4 

6,740,000 

8,100 

3 


41.0 


6,250 




4 




41.0 

7,230,000 

5,900 

7 


42.0 


8,250 

41.5 

7,300,000 

5,280 


5 cc. of a 24 hour broth culture of B. suiscpticus (376D) subcutaneously 



2 

42.2 

6,325,000 

5,800 

42.0 

7,400,000 

1,050 



41.6 

6,462,000 

9,400 


6,712,000 

3,850 


lU 


6,250,000 

7,060 




8 


41.1 

6,637,000 

5,300 

42.0 

6,540,000 

6,100 

9 


42.0 

5,150,000 

5,150 

41.0 

5,800,000 

3,600 

10 


41.8 

5,425,000 

9,400 





Swine 394 

Snine 398 

Normal 

39.2 

7,112,000 

14,650 

38.6 

7,090,000 

21,300 


5 cc. of a 24 hour broth culture of B, suiscpticus {376D) subcutaneously 



2 


7,137,000 

19,300 

39.5 

7,260,000 

21,660 



41.6 

6,900,000 

32,300 

41.0 

7,075,000 

41,750 


m 

41.4 

6,700,000 

27,300 




1 


39.5 

6,650,000 

26,200 

39.6 

5,890,000 

40,500 

2 


39.0 

6,412,000 

15,100 

39.0 

6,020,000 

20,900 

3 


39.0 

6,050,000 

14,600 





396 and 397). In fact, the immediate reaction was to produce a 
more profound leucopenia. Inoculation of cholera-sick swine with 
hog cholera baciUi resulted in a similar reaction. 
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Infectious enteritis, a disease very prevalent in swine in the middle 
w'estem states in the summer and fall, may in its early stages be con- 
fusing diagnostically. Data concerning the leucocyte reaction to this 
disease were obtained on field cases (Table IX) and experimentally 

TABLE IX 


Leucocyte Counts on Field Cases of Infectious Enteritis 


Case No. 


Lcucocj’lcs 

Case No. 


Leucocj'tes 

North Liberty 1 

per cu. mm. 

25,700 

North Liberty 5 

per cu. mm. 

16,240 

(( <( 

2 

33,640 

Kalona 

1 

33,540 

tt <( 

3 

18,900 

tt 

2 

37,500 

Sharon 

1 

20,840 

TifBn 

1 

32,300 

Watkins 

1 

16,900 

(( 

2 

31,600 

tt 

2 

33,140 

tt 

3 

32,320 

Plainview 

2 

44,500 

tt 

4 

34,000 

North Liberty 4 

56,460 





TABLE X 


Leucocytes per Cubic Millimeter of Blood in Cases of Experimentally Induced 
Infectious Enteritis 


Time after 
infection 

Smne 8232 

Swine 8233 

Swine 8234 

Swine 8236 

Swine 8238 

Swine 8239 

Normal 

26,600 

34,940 

22,040 

18,800 

26,540 

22,800 


Fed 200 cc. of a 48 hour brolh culture of B. siiipeslifcr 


12hrs. 

27,600 

34,240 

20,340 

29,800 

26,300 

20,440 

24 “ 




33,400 

34,100 

18,540 

36 “ 

29,600 

22,200 

18,200 




2 days 




32,140 

26,340 

8,740 

3 “ 

44,300 

31,000 

16,660 

20,800 

40,540 

18,800 

4 “ 

34,240 

36,400 

21,300 

25,400 


37,400 

5 “ 

34,140 


35,400 

24,100 


29,700 

6 “ 

38,900 


30,500 i 

20,740 


17,400 

7 “ 

37,100 



16,600 




induced cases (Table X). In the field cases the predominant reaction 
was a slight to moderate leucocytosis and in no instance was leucopenia 
observed. The greatest relative increase was in the polymorphonu- 
clear leucoc3rtes. These findings are confirmatory of earlier unpub- 
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lislied observations by Dr. H. E. Bicster. Through the kindness of 
the latter and of Dr. Charles Murray, Iowa State College, Ames, we 
were enabled to observe variations in the leucocyte counts of animals 
in which infectious enteritis had been experimentally induced. The 

TABLE XI 


Coinils in Field Cases of S~.oittc Influenza 


Case No. 

1 Approximate day of 

1 disease 

Leucocytes'* per cu. 
mm. of blood 

Eiythrocj-tcs per cu. 
mm. of blood 

West Branch 1 

■m 

16,740 


“ “ 2 


23,900 


Windham 1 

3rd 

10,100 


“ 2 

4th 

19,600 


“ 3 

3rd 

16,100 


“ 4 

4th 

16,640 


“ 5 

4th 

25,240 


Wellman 1 

Sth 

11,100 


“ 2 

Sth 1 

13,500 


“ 3 

SUi 

8,820 


Iowa City 4 

3rd 

14,900 


“ “ 5 

3rd 

13,600 


“ « 6 

3rd 

23,600 


North Liberty 1 

3rd 

11,200 

6,375,000 

“ 2 

3rd 

16,040 

7,750,000 

« « 3 

3rd 

12,800 

7,150,000 

Lone Tree 1 

2nd 

16,800 


“ “ 2 

2nd 

19,700 


i( U 

o 

Sth 

22,100 


u « ^ 

3rd 

15,140 


North Libert 3 ' 4 

Sth 

1 22,540 


“ “ 5 

3rd 

9,200 


Mount Vernon 1 

! 2nd 

10,000 


“ “ 2 

I 2nd 

10,300 


“ “ 3 

3rd 

19,000 



** Leucocyte counts done on the blood of 24 normal hogs during the late fall 
and winter months averaged 24,600 leucocytes per cu. mm. of blood, with e.xtremes 
of this series at 19,000 and 35,000 leucocytes per cu. mm. 


findings agreed in essential detail with those on field cases of the 
condition, in that there was a slight to moderate leucocytosis in all 
cases. One animal, Swine 8239, developed a leuedpenia on the 2nd 
day following infection that was in the upper range of those obser\’’ed 
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for cholera. However, the change was very transient and was fol- 
lowed by a rather marked leucocytosis on the 4th day. 

Swine influenza (hog flu) is very prevalent among swine in the 
middle western states during the fall and wunter months and at 
times is very difEcult to differentiate from hog cholera. It occurs at 
a time of the year when, even on the farms where hog cholera immimi- 
zation is regularly practiced, large numbers of the fall pigs have not 
yet been vaccinated. I\fliile swine influenza occurring in hogs that 
are cholera immune is readily diagnosed as such, in animals that are 
not cholera immune a definite differentiation has not been possible 
at times until the disease has progressed for several days. Data 
concerning the leucocyte reaction in swine influenza w'ere obtained in 
Iowa in the fall of 1928. Counts were made on both cholera-immue 
and non-immime animals suffering from swine influenza (Table XI). 
The predominant reaction was a slight to moderate leucopenia. The 
greatest relative decrease was in the poljTUorphonuclear leucocytes. 
The degree of leucopenia attained was much less than that occurring 
in hog cholera and in oifly two out of twenty-five cases of swine influ- 
enza were the coimts low enough to have been possibly confused with 
the leucopenia of hog cholera. The leucopenia in these two animals 
reached the upper limits of the hog cholera leucopenia but the condi- 
tion was readily differentiated when leucocyte coimts on other sick 
animals in the same herds were conducted. The data presented here 
would indicate that the two conditions, hog cholera and swine influ- 
enza, could be differentiated as herd infections by consideration of the 
leucocytic reaction. 

A few leucocyte counts on field cases of swine, heavily infested with 
ascaris, and on animals suffering from an obscure type of posterior 
paralysis, showed that in neither of these conditions was a leucopenia 
developed, a slight to moderate leucocytosis being the nfle. 

DISCUSSION 

In blood kept from coagulating by small amounts of heparin the 
leucopenia of hog cholera can be made to progress still further in vitro 
by incubating. The decrease in cells in vitro might conceivably be 
due to the presence of a l 3 d.ic substance active against leucocytes. 
To test this possibility samples of normal sudne blood to which blood 
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serum from cholera-sick swine had been added were incubated for 
varying periods of time and then counted. No decrease in the num- 
ber of leucocytes could be demonstrated. That the white blood cells 
are fragile in hog cholera is indicated by the supravital obser\’-ations. 
It seems likel}'’ that the decrease observed in vitro on incubation is due 
to the fragmentation of these fragile cells. Potassium oxalate and 
sodium citrate in some way inhibit tlie fragmentation. I^Tiether the 
damage to the leucocytes is due to the virus itself or to some toxic 
product capable of action only in vivo has not as yet been determined. 

So far as we have gone, severe leucopenia has been found to be 
present in only one disease of svine that is clinically confusing with 
hog cholera, namely swine influenza, and then only occasionally. It 
is believed by us that a leucocyte count of 8,000 per cu. mm. or less on 
three sick animals in a suspected herd can be relied on as indicating 
that the condition is hog cholera. 

SUMMARY AND CONCLUSIONS 

1. Prolonged and systematic examination of blood from swine with 
hog cholera has failed to reveal any formed element that could be 
identified with the etiological virus. Culture has likewise been un- 
successful. 

2. The quantitative blood changes in hog cholera consist in a 
slowly progressive anemia, usually moderate in degree, and a rapidly 
progressive severe leucopenia affecting cells of the polymoiphonuclear 
series most markedly but also including those of the l}mphocytic 
series. 

3. Incubation of hog cholera blood results in a further progress of 
the leucopenia, in vitro, if heparin has been used as tlie anticoagulant, 
but there is no significant change if potassium oxalate or sodium ci- 
trate has been used. 

4. Consideration of tlie leucocytic reactions prevailing in experi- 
mental infection with B. sjiisepticus, in infectious enteritis, in swine 
influenza, following successful immunization against hog cholera, and 
following infection of cholera-sick swine with secondary invaders 
indicates that the leucocyte count would be of aid in the differential 
diagnosis of hog cholera. 
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THE ELECTRICAL CHARGE OF BACTERIOPHAGE 

By a. V. KRUEGER, M.D., R. C. RITTER, and S. P. SMITH 

(From the Department of Bacteriology and Experimental Pathology, Stanford 
Uni'eersity, California) 

(Received for publication, August 16, 1929) 

Early experiments on the character of the electric charge carried by 
the Bacteriophage corpuscle yielded entirely con^cting results. 
Thus, V. Angerer (1) found that lytic particles suspended inan electric 
field migrated toward the anode while Koch (2) employing similar 
methods obtained migration in the opposite direction. Indirect 
determinations of the charge by means of adsorption experiments 
likewise failed to furnish conclusive evidence. For example, Gilde- 
meister and Herzberg (3), and Kramer (4) agreed that Bacteriophage is 
adsorbed only by positive colloids. Frankel and Schultz (5) and 
Prausnitz and Firle (6) found that adsorption occurs with negative 
colloids only, whereas Marcuse (7) and Seiffert (8) obtained adsorption 
with positive, negative and amphoteric colloids. It seems likely, as 
Bronfenbrenner (9) has pointed out, that much of this divergence of 
opinion has arisen from failure to adequately control the experimental 
conditions. 

Recent careful work by Todd (10), utilizing a cataphoresis cell of 
his own design, has clearly proven that the Bacteriophage corpuscle 
bears a negative charge over a range of H-ion concentrations from 
pH. 3.6 to pH. 7.6. We were interested in repeating his e.xperiments 
and in extending the observations to determine whether or not the 
charge might be reversed upon further lov/ering the pH. 

Apparatus 

Type A.: Since Todd’s convenient apparatus was not available and we were 
unable to construct the cell because of the hollow-barreled stopcock required, one 
of us (A.P.K.) designed the cell shown in Figure 1 . 

Moist glass wool or filter paper shreds are tamped lightly into a layer 0.5 cm. 
thick above the closed side-arm stopcocks. The latter are opened, the limbs of 
the apparatus fitted with cotton plugs, and sterilization is accomplished bv 
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autoclaving. After the apparatus is cool, both side stopcocks being open and the 
central limb closed oS, appropriate buffer solution is poured in until the side 
arms are filled to the level indicated in Figure 1. The buffer solution consists of 
just sufficient buffer mixture added to water so that the resulting Bacteriophage 
suspension will be of desired pH. 



Figure 1. Cataphoresis cell. Tj'pe A. Anode: silver foil dipping into salt 
crystals. Water to level of upper line. Cathode: copper wire dipping into 
crystals of cupric chloride. Water to level of upper line. 

The cotton plugs in the side arms are now replaced by single hole stoppers 
carrj’-ing glass U-tubes filled with a 3 % agar gel containing 1% C. P. sodium chlo- 
ride. The stoppers and bridges are conveniently made up in quantity before- 
hand. We usually sterilize 15 such units in a jar and fill the inverted U-tubes 
with sterile agar-salt mixture just before using. The stoppers should have cut in 
them a narrow groove parallel to the U-tube to allow for escape of air. 
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Bacteriophage* is placed in the central limb to a level above that of the buffer 
solution in the side arms and after a few moments is carefully allowed to pass into 
the mLring chamber. The bulb is spherical so that the fine stream of Bacterio- 
phage entering it tends to produce currents whch move circularly and therefore 
cause no diffusion of Bacteriophage up the side arms. TlTien sufficient l 3 'sate has 
been run in (ordinarily 2-3 cc.) the central stopcock is closed and a direct current 
of 60-200 volts and 5-12 milliamperes passed for several hours. Samples are 
then taken with sterile pipettes from each side arm and from the bulb and are 
tested in the usual manner against known susceptible organisms for the presence 
of Bacteriophage. It is advisable to ascertain the pH. of anode, cathode, and 
mbdng bulb samples after each run. The bulb sample may be obtained by 
passing a fine capillarj' pipette through the open central stopcock and aspirating 
a small amount. 

Type B: The apparatus is explained in the accompanying diagram and reqiures 
no special mention except to note that convenient dimensions for the tubes are 
IS cm. by 2.5 cm. The assembled glass parts are autoclaved and the bridges 
filled with sterile 3% agar containing 1.0% C. P. sodium chloride. This is 
readily accomplished by pipetting the agar into the inverted upper bridges and by 
resting the distal ends of the lower bridges against a flat simface during the filling 
process. After the agar is hard the lower bridges and stoppers are fitted in place; 
20 cc. of purified 0.5% agatf containing 0.2% C. P. sodium chloride is poured 
into each cylinder, observing sterile precautions. liiTien the agar is hardened, 30 
cc. of Bacteriophage suspension adjusted to the pH. at which the charge is to be 
determined, is layered over it and the upper stoppers placed in position. 

As will be seen from the diagram, the anode is at the bottom in one set-up and 
at the top in the other. A D. C. current of 100-200 volts and from 5-12 milli- 
amperes is passed through the cylinders for from 4-10 hours. At the end of this 
time the broth is taken up by pipette, discarded, and the upper surfaces of the 
agar washed with several portions of sterile saline solution. The lower bridges 
and stoppers are removed and the agar allowed to slide out gradually. Each agar 
plug is sliced into thin sections with a sterile spatula as it comes out. These are 
received in a sterile Petri dish, discarding the layer 0.5 cm. thick nearest the broth. 
The remainder is thoroughly macerated for two hours with 10-20 cc. of sterile 
water. The agar particles are permitted to settle and the supernatant fluid is 
then tested in the usual manner, employing both solid and liquid media, for the 
presence of Bacteriophage. 

*We have worked entirely with highly virulent anti-coli Bacteriophages, 
(several separate races) some of which were active against dysentery organisms. 
In the experiments with Type A apparatus the l 3 ’sates were alway^s previously 
purified and concentrated by the method of Krueger and Tamada (11) to remove 
as much extraneous matter as possible. 

t This “purified” agar is prepared according to the method of Dominikiewicz 
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Figure 2. Cataphoresis cell. Type B. ^-Bacteriophage suspension. B-20 
cc. purified 0.5% agar containing 0.2% C. P. sodium chloride. C-Agar bridges 
filled with 3% agar containing 1.0% C. P. sodium chloride. Z?-Anode. Silver 
foil dipping into sodium chloride crystals. Water to level of upper line. E- 
Cathodes. Copper wire dipping into crystals of cupric chloride. Water to 
level of upper line. 


EXPERIMENTAL RESULTS 

With the Type A apparatus the results shown in Table I were 
obtained, each experiment being run in duplicate. 

Attempts to carry on similar experiments below pH. 3.5 consistently 
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TABLE I 


Summary of Cataphoresis Expcrimeuls wilh Type A Apparatus 



Buffer 

Time 

Volts 

Jinii- 

Bacteriophage Present in 

pH. 

amperes 

Anode 

Sample 

Cathode 

Sample 

Bulb 

Sample 

9.0 

Borate-HCl 

krs. 

; 6.0 

204 

12.2 

+ 


! + 

8.5 

Cf i< 

4.0 

140 

5.3 

+ 

— 

! + 

8.0 

tt it 

4.0 

145 

6.0 

+ 

_ 

+ 

7.5 

KHiPOi-NaOH 

5.0 

1 148 

6.2 

1 + 

1 — 

+ 

7.0 

1 U it 

4.0 

140 

8.0 

1 

— 

+ 

6.5 

tt it 

4.0 

132 

10.0 


— 

+ 

6.0 

u tt 

6.0 

130 

10.2 

+ 

— 

+ 

5.5 

KH Phthalate-NaOH 

4.0 

141 

10.0 


— 

-1- 

5.0 

tt tt 1 

5.0 

132 

11.0 

+ 

— 

4" 

4.5 

tt it 

5.0 

140 

5.6 

4* 

— 

+ 

4.0 

tt tt 

4.0 

136 1 

8.0 

4* 


+ 

3.6 

KH Phthalate-HCl 

5.0 

148 ' 

7.2 

4- 

_ 


3.5 

tt tt 

5.0 

99 

6.5 

— 

— 

— 

3.5 

it tt 

3.0 

110 

8.0 

+ 

— 

4 - 

3.5 

HCI 

4.0 

90 

7.2 


— 1 

— 

3.5 

KH Phthalate-HCl 

2.0 

109 

8.2 

+ 

— 

+ 

3.4 

tt tt 

2.0 

113 

6.8 

— 

— 

— 

3.4 

ft tt 

1.0 

115 

8.0 

— 

— 

— 


TABLE n 


Summary of Cataphoresis Experiments with Type B Apparatus 








Bacteriophage Present in 

pH. 


Buffer 

Time 

1 

Volts 

Miin- 

ampcrcs 

i 

Anode 

Agar 

Cathode 

Agar 

Super- 
natant 
ffuid at 
end 
of run 

3.60 

KH Phthalate-HCl 

hrs. 

4.0 

168 


+ 


+ 

3.50 

It 

tt 1 


99 


4* 

— 

— 

3.40 

tt 

tt 

5.5 1 

100 1 

8.8 

4* 

— 

— 

3.35 

tt 

tt . 

5.5 i 

89 1 

11.0 


4- 


3.30 

tt 

tt 

4.0 

95 

12.0 


+ 

— 

3.25 

tt 

ft 

7.0 

100 

8.0 


4- 



3.20 

tt 

tt 

3.5 

125 

5.0 1 


+ 1 


3.15 

tt 

tt 

7.0 


9.6 

19 

4“ 

.... 

3.10 

tt 

tt 

5.5 


9.2 

Hi 

+ i 

- 
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met with failure due to inactivation of the Bacteriophage by tlie 
relatively high concentration of H-ions to which the lytic agent was 
exposed. It was this difficulty that led us to adopt the tj^pe B appa- 
ratus. Data from experiments with the latter tj^pe of cell are sum- 
marized in the appended table. Many more experiments with other 
races of anti-coli Bacteriophage have given like results (Table II). 

DISCUSSION 

The data given in Table I confirm the results reported by Todd; 
namely, that Bacteriophage possesses a negative charge within the 
range from pH. 3.6 to pH. 7.6. Our experiments further indicate that 
the charge is a negative one from pH. 3.5 to pH. 9.0. It would seem 
from Table II that as one adjusts the pH. of a Bacteriophage suspen- 
sion below pH. 3.4 there occurs a reversal of the electrical charge 
carried by the lytic particles or the aggregates to which they adhere. 

As has been noted, it is not possible to elicit this reversal phenom- 
enon if one employs a cataphoresis cell in whicli the Bacteriophage is 
exposed to high H-ion concentrations for any length of time, because 
of inactivation. In the Type B apparatus the original lysate is of the 
requisite low pH. for acquisition of a positive charge but the cor- 
puscles rapidly migrate from this environment into the agar gel and 
therefore are not inactivated. The agar has a pH. of 5. 1-5.3 and one 
naturally wonders why tlie positively charged lytic particles traversing 
this medium do not have their charges neutralized or reversed. We 
are unable to explain this apparent paradox. Furthermore, it seems 
fair to assume that the Bacteriophage travels through tlie more fluid 
portions of the gel in the interstices between the granules, and in 
these areas is exposed to electroendosmotic currents. However, 
such flows do not appear to play a major role in determining the 
direction of migration under tlie experimental conditions employed, 
for experiments conducted with the same type of cell over a range 
from pH. 9.0 to pH. 3.40 always resulted in a migration of Bacterio- 
phage to the anode. This would hardly have been the case were 
there constantly a strong electroendosmotic flow toward the cathode. 

■Whether we are dealing with the charge borne by the actual lytic 
substance itself is another question. Recent work by Krueger and 
Tamada (13) indicates that relatively pure Bacteriophage prepared by 
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diffusion of the corpuscles through agar has a smaller particle size than 
the Bacteriophage as it occurs in ordinary broth suspensions, and that 
such “pure” Bacteriophage tends to form larger aggregates when 
placed in contact with proteins or protein derivatives. There is no 
proof however that the smaller partides consist of the lytic principle 
only and it is quite possible that the charge we are determining is that 
of a micellar aggregate which carries with it adsorbed Bacteriophage. 

CONCLUSIONS 

1. Two types of cataphoresis apparatus for determining, under 
aseptic conditions, the charge carried by biologically active substances, 
such as Bacteriophage are described. One cell depends upon the 
electrophoresis of partides into agar and their subsequent re-suspen- 
sion in a fluid medium for testing purposes. This cell has certain 
advantages when employed in connection with agents of small dimen- 
sions ordinarily inactivated by prolonged exposure to required test 
conditions. 

2. Several separate races of anti-coli Bacteriophage have been found 
to bear a negative charge within a range of H-ion concentrations from 
pH. 9.0 to pH. 3.4. At pH. 3.35 and below, the lytic particles 
migrate through agar to the cathode. It is likely that the reversal 
in direction of migration is due to the assumption of a positive 
charge by the Bacteriophage corpuscle. 
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THE FATE OF TUBERCLE BACILLI IN THE ORGY'S OF 
REINFECTED RABBITS 


By max B. LURIE, M.D. 

{From the Henry Phipps Institute, University of Pennsylvania, Philadelphia) 
(Received for publication, August 19, 1929) 

In a recent review of our present knowledge of immimity in tubercu- 
losis Lowenstein (1) says, “Wbat is the fate of the newly introduced 
tubercle bacilli in the tuberculous organism? Easy as it would seem 
to decide this question, yet how little do we now know about it with 
certainty.” It is generally assumed that tubercle bacilli of reinfection 
are destroyed (2), although Krause and Willis (3) are of the opinion 
that immunity to reinfection is primarily due not to specific bacterio- 
lysins, which destroy the bacilli, but to the interposition of an inflam- 
matory barrier about them, which checks their spread in the body. 
There have been many experiments purporting to demonstrate a lysis 
of tubercle bacilli in the previously infected animal (4). These 
conclusions however have usually been based upon the reduction in 
numbers of stainable bacilli of reinfection and the tinctorial changes 
of those foimd. But when animal inoculation (5) has been used to 
determine the fate of tubercle bacilli of reinfection they have been 
foimd to persist in a virulent form. 

In a previous study (6) cultural methods were used to determine 
the fate of both human and bovine tubercle bacilli in the organs of 
intravenously infected normal rabbits. It was shown that at first 
both the human and the bovine tubercle bacilli multiply in all the 
organs. The human tubercle bacillus grows faster at first than the 
bovine bacillus, but soon a change takes place, which causes its 
destruction, first in the liver, spleen, and bone marrow, and later in 
the lung and kidney. The bovine tubercle bacillus multiplies in these 
organs more slowly at first, but here too destruction takes place in 
the liver, spleen and bone marrow, though later than with the hiunan 
badllus, whereas in the lung and kidney multiplication continues 
without effective opposition imtil the death of the animal. It was also 
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shown that the time at wliich destruction of either type begins and 
the completeness of destruction depend upon the quantity of bacilli 
inoculated. The larger the number of bacilli inoculated the more 
rapid and the more complete will this destruction be, as could be seen 
in certain organs and with certain dosages. 

Thus it would appear that as a result of the growth of both types of 
bacilli in the rabbit some change takes place in the body, which 
destroys the bacilli. One would expect that after such a change has 
once been brought about in the rabbit the introduction of fresh tubercle 
bacilli from without would be followed by immediate destruction 
without any preliminary growth. To test tliis hypothesis, and to 
ascertain the fate of tubercle bacilli in the organs of reinfected rabbits, 
the following experiments were performed. 

Method 

A series of rabbits was inoculated intravenously with 0.001 mg. of a human strain 
of tubercle bacilli, P-48A, per kilo of body weight. It was shown in tlie previous 
study that sk months after such an infection tlie tubercle bacilli had practically 
disappeared from the liver, spleen, bone-marrow and kidney and had been greatly 
reduced in number in the lung. At about this time, therefore, these rabbits were 
given intravenously a reinfecting dose of 0.01 mg. of the same strain of human 
tubercle bacilli. Another series of rabbits was similarly infected witli the human 
strain and reinfected with a bovine strain, Bovine C, in tlie same quantities and by 
the same route. At the same time two series of normal rabbits were injected intra- 
venously with 0.01 mg. of the same strains used for reinfection, one with the human, 
and one with the bovine bacilli. 

At interii'als of 1 day, 1,2,4 and 6 weeks and 2 months, equal amounts by weight 
of suspensions of ground lung, liver, spleen, kidney and bone marrow in varying 
dilutions were seeded upon the surface of Dorset’s and Petroff’s media, both 
directly and after sodium hydro.vide treatment. Care was taken to avoid tissue 
obviously affected by primary infection. At least 3 tubes of each medium were 
seeded with a given dilution of a given organ, both directly and after treatment. 
The results obtained were therefore based upon the readings of at least 12 separate 
tubes seeded with the same quantit)'^ of the same tissue or, when 2 dilutions were 
used, upon 24 tubes, except, of course, when contamination had occurred in some. 
The method has been described more fully in the previous publication; in the 
experiments described here larger tubes were used to afford a larger surface area 
and more accurate enumeration of colonies, and, for the same reason, instead of a 
strip of celluloid, a strip of spring metal, into which windows of accurately meas- 
ured square areas had been cut, was used for estimating the number of colonies 
when these exceeded 200. 
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The number of colonies of tuberde bacilli appearing upon each tube vras repeat- 
edly determined, the final readings being made after 3 months’ incubation. 

It was shown in the previous study that there is no essential difference between 
the number of colonies derived from a given dilution of a given organ on either 
Dorset’s or Petroff ’s media. Therefore for brevity’s sake only the highest average 
figure obtained from the one or the other medium after direct seeding is tabulated. 
Where all the tubes of direct seeding were contaminated the number of colonies 
obtained after sodium-hydroxide treatment is given multiplied by 10, for it has 
been found that the number of colonies as a result of the manipulation in treat- 
ment is usually reduced ten times. However onl}-^ occasionally have these 
adjusted figures been necessary. 

The Fate of Exman Txibercle Bacilli of Rdnfeciion in the Organs of 

Rabbits 

In Table I the fate of hitman tuberde badUi in the organs of normal 
and of reinfected rabbits with the resulting pathological changes are 
compared. The number of colonies derived from the same quantity 
of a given organ of an infected and of a reinfected rabbit are placed 
in two columns in juxtaposition. As a rule 3 reinfected rabbits are 
compared with 2 infected animals for each interval. 

In the Ixings of the infected rabbits the human tubercle bacilli multiply at once, 
inaeasing in number continuously to about the 4th week, when the largest 
number, namely 12,000, was derived from 10 milligrams of tissue; thereafter there 
is a tendency for a diminution in numbers, though very considerable quantities 
of tuberde bacilli persist even after 2 months. In the lungs of the reinfected 
rabbits, on the other hand, neither growth nor destruction is discernible as a 
definite, continuous tendency, but tuberde bacilli are isolated in extrerndj' variable 
numbers. These are ascribable to the residual lesions of the primary infection 
and not to the reinfection, for the normal rabbits primarily infected with 0.01 mg. 
of tuberde bacilh showed no macroscopic changes in any organ imtil the fourth 
week, whereas 7 out of the 8 reinfected rabbits killed within the first 2 weeks of 
reinfection showed considerable, and at times extensive, tuberculous lesions even 
24 hours after remfection. These lesions are obviously due to the p rimar y infec- 
tion and not to the reinfection, and the tuberde bacilli isolated in very variable 
nmnbers from the limgs of reinfected rabbits are therefore probably residual 
orga nisms from the primary infection. Moreover at each interval after reinfec- 
tion there is at least one rabbit in which the number of tuberde badlli in the lungs 
is extremdy few. Thus rabbit 15, 24 hours after reinfection, showed 56 colonies; 
rabbit 17, after a week, 6 colonies; rabbit 20, after 2 weeks, showed 6; rabbit 22, 
after 4 weeks, showed 10; rabbit 27 showed 75 colonies 6 weeks after reinfection, 
and none could be isolated from rabbit 28 even 2 months after reinfection. On 
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the other hand tlie lowest numbers of colonies found in tlie primarily infected 
rabbits were 9, 48, 560, 600, 1370 and 2970 for tlie corresponding intervals. There 
is tlius no clear direct evidence for the multiplication of human tubercle bacilli 
in the lungs of reinfected rabbits and similarly no evidence of any tuberculous 
changes in the lungs due to tlie reinfection. 

In tlie liver of normal rabbits tlie human tubercle bacilli multiply somewhat more 
slowly than in the lung and reacli tlieir height by tlie second week. Their destruc- 
tion is rapid from tlie 4th week, so that 6 weeks after infection tliey have practi- 
cally disappeared. In tlie liver of reinfected rabbits fewer tubercle bacilli are 
recovered even 24 hours after reinfection than after primarj' infection. From 
then on only a few isolated colonies are found. It is noteworthy that altliough the 
bacilli of reinfection are dcstro 3 'ed immediately upon introduction witliout any 
preliminary growtli this destruction is not complete; even 2 months after reinfec- 
tion some few isolated organisms persist. 

In the spleen of normal animals multiplication is more rapid than in the liver; 
this also reaches its height by the second week. Destruction begins about the 
fourth week; by tlie sixtli week it is well under waj'’ and at the end of tlie second 
month the bacilli have practicallj' disappeared. Again, as in the liver, the human 
tubercle bacilli of reinfection are destroj'cd at once without anj' preliminarj' 
multiplication. The 142 colonies recovered from the spleen of rabbit IS are 
obviously due to tubercles found in tlie spleen and therefore, obviously, are 
derived from the primary infection, as no macroscopic tubercles are formed in the 
spleen within a week after infection, when this rabbit was killed. 

In the kidneys of normal rabbits the bacilli accumulate verj" slowly; the highest 
number was obtained in the fourth week; there is a tendenc}’- to a slow decline 
thereafter, but numerous tubercle bacilli persist, in the kidnej'^ as in the lung, even 
2 montlis after infection. In the kidnej^ of reinfected rabbits the same result was 
obtained as in the lung. In tlie great majority of cases no evidence of growth of 
the bacilli of reinfection occurred in tliis organ, although occasionally considerable 
numbers of tubercle bacilli were found, probably due to the residual lesions of the 
primary infection. 

In the bone marrow of normal rabbits multiplication is rapid at first, readies its 
height by the second week and then rapidly declines, so that 6 weeks after infection 
the bacilli have practically disappeared. In tlie bone marrow of reinfected rabbits 
there is no preliminary multiplication. Destruction takes place from the begin- 
ning, and again as in the otlier organs, is not complete; a few lingering bacilli 
persist even 6 weeks after reinfection. 

Associated with the immediate destruction in the organs of the 
bacilli of reinfection there is no evidence of any tuberculous lesions 
due to the reinfection. This is brought out clearly in the intervals 
of the fourth and sixth weeks after infection and after reinfection. 
Although there is a generalized miliary tuberculosis of variable degree 
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in all the organs of primarily infected rabbits, in the reinfected rabbits 
no tuberculosis developed in the liver, spleen and bone marrow and the 
variable lesions in the lung and kidney were undoubtedly residual 
lesions from the primary infection. Further evidence for the source 
of the bacilli and the tuberculous lesions in the limg and kidney of 
reinfected rabbits will be presented in connection with the fate of 
bovine tubercle baciUi of reinfection. 

The Fate of Bovine Tubercle Bacilli of Reinfection in the Organs of 

Rabbits 

In Table 11 the fate of bovine tubercle bacUli in the organs of 
infected and of reinfected rabbits as well as the tuberculous changes 
that they have induced are compared. 

In the Itiiig ol normal rabbits the bovine tubercle bacilli multiply uninterruptedly 
to the end of the second month, so that by this time the lungs of some rabbits 
become virtually a pure culture of tubercle bacilli, and as many as 200,000 colonies 
have been isolated from 10 milligrams of tissue. In the lungs of reinfected rabbits 
however there is the same lack of a regular tendency to either growth or destruc- 
tion as was noted above in rabbits reinfected with human tubercle bacilli. Here 
again extremely variable numbers were isolated. Here, too, the lungs of at least 
one reinfected rabbit of each interval can be seen to contain such numbers of 
organisms as can be ascribed to residual bacilli from the primary infection, as in 
rabbits 43, 45, 46, 48, 51 and 54. Again in the first 2 weeks after reinfection the 
lesions found in the lungs are tmquestionably due to the primary and not to the 
secondary infection. 

More direct evidence was obtained for the origin of these lesions and bacilli, 
first in the x-ray pictures of the lungs of the rabbits taken just before reinfection, 
and secondly in the cultural behaviour of these bacflli. 

It was found that if a rabbit showed slight or no lesions by x-ray previous to 
reinfection, slight or no lesions were found in the lungs at autopsy whether the 
animal was killed 24 hours or 2 months after reinfection. Rabbit 45 showed no 
lesions detectable by x-ray before reinfection and showed no lesions at autopsy 1 
week after reinfection. Rabbit 54 showed no distinct lesions by x-ray previous 
to the second inoculation and only a few discrete tubercles in the lungs when he 
was killed 2 months after reinfection. 

On the other hand, if the rabbit showed extensive lesions detectable by x-ray 
before reinfection these were foimd at autopsy. Rabbit 44 showed extensive 
pulmonarj- tuberculosis before reinfection and showed discrete pus-contaim'ng 
cavities when killed 1 week after reinfection. Similarly rabbits 47, 49 and 52, 
which were killed 2, 4 and 6 weeks after reinfection respectively. Moreover the 
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more extensive the lesions shown by x-ray before reinfection, the more tubercle 
bacilli were isolated. 

Further evidence pointing to the primary infection as the source of the bacilli 
cultured from the lungs of reinfected rabbits is as follows. It is well known that 
bovine tubercle bacilli on isolation from the body are dysgonic, that is, that they 
grow more slowly in the test tubes than human bacilli. Now although both the 
human and bovine strains of tubercle bacilli used in these experiments grew equally 
fast when transplanted on glycerol agar in the usual way, the dysgonicity of the 
bovine strain appears when the bacilli are reisolated from the organs of the rabbit. 
From the organs of numerous rabbits given a primary inoculation of human bacilli, 
86 per cent of the colonies that were finally present after 3 months’ incubation were 
already grown by the fifth week of incubation and all had appeared by the sixth 
week. On the other hand, from the organs of rabbits given a primary bovine 
infection, only 25 per cent grew in the first 6 weeks, whereas the great majority 
appeared between the 8th and 10th week, and a considerable number had not yet 
appeared before the twelfth week. See figures I and II. 

Now from the organs of the rabbits that had been given a primary inoculation 
of human tubercle bacilli and had been reinfected with bovine tubercle bacilli 
two distinct groups of organisms were isolated. Of these, 61 per cent appeared 
within the first 6 weeks after incubation and 39 per cent appeared between the 
sixth and twelfth week after incubation. Thus according to their rapidity of 
growth on culture they are seen to be of two types, some behaving as human bacilli, 
others as bovine bacilli. See figure III. 

It appears that the tubercle bacilli isolated from the lungs of all the reinfected 
rabbits except two, namely rabbits 51 and 53 of the 6-weeks interval, had grown in 
the first 6 weeks. Thus by far the largest number of tubercle bacilli isolated from 
the lungs of the rabbits reinfected with bovine baciUi behaved not like the bovine 
organism but like the human tubercle badUus and therefore probably have been 
derived from the primary infection. 

Thus the x-ray evidence before reinfection and the cultural behavior of the 
bacilli recovered, as well as the very low numbers of the organisms found in at 
least one rabbit at each interval after reinfection, as contrasted with their con- 
tinuously increasing and finally tremendous numbers after primary infection, all 
argue strongly for the conclusion that the bovine bacillus does not grow as a rule 
in the lungs of reinfected rabbits. 

That some growth of bovine bacilli of reinfection can take place in the lungs, 
though unquestionably a restricted one, is probably shown in rabbits 51 and 53. 
Rabbit 51 had about 320 colonies in 10 mg. of lung, which appeared in culture on 
the 12th w’eek of incubation. Rabbit 53 showed no detectable lesions in the lung 
by x-ray before reinfection, yet when this rabbit was killed 6 weeks after reinfection 
there were discrete uniformly distributed tubercles in both lungs and the organism 
cultured from this rabbit appeared on the 8tb week of incubation. 

That the growth of bovine bacilli of reinfection in the lungs of even these rabbits 
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is greatly suppressed as compared with bacilli from a primary infection is seen 
from the fact that the average number of colonies recovered from 2 normal rabbits 
killed 6 weeks after infection was 7050, in contrast to the average of only 430 
colonies derived from these two rabbits. 

It is noteworthy that this, the only evidence obtained of multiplication of 
tubercle bacilli in the lungs of reinfected rabbits, was found in rabbits having 
practicall}'' no residual lesions from the primary infection. 

In the liver of normal rabbits multiplication of the bovine bacilli is slow at first, 
reaches its height in the fourth week and tliereafter declines rapidly. In the 
Iwer of reinfected rabbits fewer bacilli are isolated even 24 hours after the second 
infection than are found in primarily infected rabbits, showing a tendency to 
immediate destruction. Thereafter, as a rule, only a very few organisms are 
found, showing again as after reinfection with human bacilli, that destruction is 
never quite complete. 

The presence of from IS to 31 colonies in the liver in 3 rabbits of this group 
requires some explanation. Of these, rabbit 44 of the fiirst-week interval, and 
rabbit 49 of the fourth-week interval, had extenswe pulmonar}’’ tuberculosis 
before reinfection. At autopsy both showed an extensive ulcerative tuberculosis 
of both lungs with v'^ery large numbers of tubercle bacilli. Both were apparently 
suffering from a bacteremia derived from the extensive pulmonarj' foci, as evi- 
denced by the tuberculosis of the joints, the distribution of bacilli in the liver and 
spleen, which was like the distribution following immediately upon a primary 
inoculation, and the cultural characteristics of these organisms, which were of 
the human tj'pe; unfortunately no blood cultures were made. These colonies 
therefore are due not to a growth of the bovine tubercle bacilli of reinfection but to 
a flooding of the circulation with human tubercle bacilli from the old foci in the 
lungs and their filtration in the various organs. In rabbit 45, however, the 31 
colonies isolated are possibly due to an actual multiplication of the bovine bacilli 
of reinfection, for they were culturally of the bovine t}TC)e. It is noteworthy that 
this rabbit was free of tuberculosis before reinfection and showed only 2 small 
residual tubercles in the lung when it was killed one week after reinfection. 

In the spleen of normal rabbits the bovine bacilli multipl}'^ at once, and continue 
to multiply to the sixth week; they are then slowly reduced in number, although 
many are still present at two months. In the spleen of the reinfected rabbits 
the tubercle bacilli are destroyed from the very first, so that even 24 hours after 
reinfection they are already less in number than after a primary infection with 
bovine bacilli. Thereafter only an occasional organism is isolated, except in 
rabbits 44 and 49, where there are some tubercle bacilli due to the bacteremia from 
the lungs in this organ as in the liver. 

In the kidneys of normal rabbits the bovdne baciUus accumulates very slowly 
at first and continues persistently with scarcely any abatement to the end of the 
experiment. In the kidneys of reinfected rabbits on the other hand there is 
the same irregularity as was noted in the lungs. Here again there is at least one 
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rabbit at each interval -with only few residual tubercle bacilli and with no evidence 
of any multiplication even 2 months after reinfection. There is however another 
group of rabbits in which variable and at times considerable numbers of tubercle 
bacilli have been isolated from the kidneys. These all behaved in culture like 
the human type, and like those in the lungs of the same rabbits are most probably 
due to badlli from the primary infection. It is noteworthy that the kidneys of 
rabbit 44, from which the largest number, 1630 colonies, of tubercle bacilli were 
isolated, showed no tuberculosis at all. Are these bacilli explained by bacteremia 
in this rabbit and are they being excreted by the kidney? 

In the lone marrow of normal rabbits the bovine tubercle bacillus multiplies 
slowly at first. This continues to the sixth week when their numbers slowly 
decline. At two months considerable numbers of tuberde bacilli are still present. 
In the bone marrow of reinfected rabbits only occasional tubercle badlli can be 
isolated; they are destroyed without any preliminary growth. 

There was only one exception to this rule, rabbit S3, in which unquestioned 
though restricted growth took place, for 180 colonies were isolated from the bone 
marrow of this rabbit 6 weeks after reinfection. These were of the bovine type 
and could scarcely be residual bacilli from the primary infection. It is note- 
worthy that this rabbit also showed restricted multiplication of the bacilli of 
reinfection in the lungs, and, as was stated above, was free of tuberculosis before 
reinfection. 

Associated with the immediate destruction of the bovine tubercle 
bacilli of reinfection in the organs of most of the rabbits, there was no 
evidence of any lesions due to the bacilli of reinfection; whereas the 
normal animals similarly infected showed a massive pulmonary miliary 
tuberculosis with extensive to moderate tuberculosis in the liver, 
spleen, kidney and bone marrow. In no reinfected rabbit was there 
any tuberculosis of the liver and spleen and in only one were there a 
few tubercles in the bone marrow. In the limgs of reinfected rabbits 
the lesions were different in character from those found in infected 
rabbits. The latter showed consolidation of the entire lung by a 
uniformly distributed massive miliary tuberculosis; in the former, 
the pulmonary lesions were often very imevenly distributed, irregular 
in size, extremely few in munber or they consisted of more or less 
extensive pus cavities, such as are found in rabbits that are permitted 
to live a long time after a single injection of htunan tubercle bacilli. 
These lesions were present in the rabbits before reinfection, as the 
x-ray photographs showed. There were only 2 reinfected rabbits in 
which some pulmonary tuberculosis developed later, which however 
was very slight in comparison with that in the infected rabbits. 
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SUMMARY AND DISCUSSION 

In agreement with previous work (6) it was found that in normal 
rabbits after a primary inoculation of 0.01 mg. of human tubercle 
bacilli the organism shows a preliminary growth, which commences 
at once in all the organs, and reaches its height in the second week in 
the liver, spleen, and bone marrow; thereafter destruction begins, and 
is practically complete by the sixth week in the liver and bone marrow 
and less complete in the spleen. In the lung and kidney the largest 
number are isolated in the fourth week and thereafter there is a 
tendency to destruction, but to destruction far less complete than in 
tlie other organs, for even two months after infection large numbers 
of tubercle bacilli persist. Associated with this multiplication of the 
human tubercle bacilli were found extensive or moderate tuberculous 
lesions in the lung and kidney with moderate or slight changes in the 
liver, spleen and bone marrow. 

In contrast to these obser\'ations, it was found that in rabbits 
reinfected with the same quantity of human tubercle bacilli, the 
organism was destroyed immediately without any preliminary multi- 
plication in the liver, spleen and bone marrow, though a few bacilli 
persisted in these organs even two months after reinfection. Neither 
could definite evidence of multiplication of the tubercle bacilli of 
reinfection in the lung and kidney of these rabbits be obtained; 
although variable and at times very large numbers of tubercle bacilli 
persisted in these organs, probably due to the primary infection. Nor 
were tuberculous changes found in any of the organs due to reinfection. 

Again in rabbits that received a primary inoculation of 0.01 mg. 
of bovine tubercle bacilli the organism multiplied in all the organs. 
This multiplication reached its height in the liver, spleen and bone 
marrow between the fourth and sixth week, instead of in the second 
week as with human bacilli. Thereafter destruction was practically 
complete in the liver and much less complete in the spleen and bone 
marrow; in the lung and kidney multiplication continued unabated 
to the second month. Associated with these bacteriological data, 
there developed a massive pulmonary tuberculosis with extensive or 
moderate disease in the kidney, spleen, bone marrow and liver. 

In rabbits reinfected with the same quantity of bovine tubercle 
bacilli after a primary infection with human tubercle bacilli, the 
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organism, in all but a few instances, was destroyed immediately in 
tbe liver, spleen and bone marrow. Here again, with the bovine 
type as with the human type, after reinfection as after primary infec- 
tion, the destruction was not quite complete and a few isolated bacilli 
persisted even two months after reinfection. As to the lung and 
kidney, e\adence was obtained that the variable and at times very 
large numbers of tubercle bacilli that were found in these organs were 
of hvunan type in their cultural characteristics, and that in these 
organs also, the bovine tubercle bacilli of reinfection failed to grow. 
There was also as a rule complete absence of any tuberculous lesions 
in the liver, spleen and bone marrow. Nor were there any tubercu- 
lous changes found in the limg and kidney due to the reinfection, but 
those variable residual lesions that were found were present before 
reinfection, as shonm in the Itmg by x-ray photographs. There were 
a few instances in which restricted multiplication of the virus took 
place and slight tuberculous lesions developed after reinfection in 
rabbits in which the primary lesions had all but disappeared. 

Thus in rabbits hawng considerable residual lesions from a primary 
human infection the tubercle bacilli of reinfection, whether human 
or bovine, are destroyed immediately though incompletely without 
any preliminary multiplication. Yet these rabbits, which so efficiently 
destroy the more \drulent bovine baciUi of reinfection introduced from 
without, at times harbor tremendous numbers of human tubercle 
bacilli in the old lesions of the lung and kidney. 

Parallel with the bacteriolo^cal and pathological studies of these 
rabbits, the serum of some of them was studied for the presence of 
circulating antibodies by McCutcheon, Stnunia, Mudd (S), Mudd 
(E. B . H.) and Lucke (7) . These investigators found that on primaiy 
infection there was only a slight and slowly developing production 
of agglutinating and phagocytosis-promoting antibodies whereas, in 
the reinfected rabbits, which showed an immediate destruction of the 
bacilli, these antibodies rose promptly and in relatively large amount. 
They suggest that the prompt rise of antibodies in reinfected animals 
may play a rdle in the immunity to tuberculosis. 

In the pre\dous study, which was preformed in 1927, emphasis was 
placed upon the comparatively slower original rate of growth of the 
bovine bacillus in the rabbit as compared with that of the human tvpe. 
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and in this delay was seen a partial explanation of the greater virulence 
of the bovine organism for this species. The more rapid the original 
growth the more rapid was the following destruction. In this series 
of experiments, which were performed early in 1929, although the 
delayed destruction of the bovine type in the rabbit was amply con- 
firmed, the original rate of growth is not any slower than the human 
type. Coincident with this increasingly more rapid rate of growth 
of the bovine bacillus in the body is a gradual decrease in the virulence 
of the organism. In 1925 and 1926 0.01 mg. of this bovine strain 
regularly killed rabbits in about 30 days after intravenous inocula- 
tion (8), but in this experiment none of the 3 rabbits died within 65 
days after a similar infection and 2 rabbits were still living 110 days 
after injection. 


CONCLUSIONS 

1. In the presence of a certain amount of residual primary lesions, 
human or bovine tubercle bacilli of reinfection are destroyed in all 
the organs of rabbits without any preliminary multiplication. This 
destruction is not quite complete; a few organisms persist even two 
months after reinfection. 

2 . No macroscopic tuberculous lesions due to the reinfection develop 
in these rabbits. 

3. With the practical disappearance of the primary lesions and 
their enclosed organisms, restricted multiplication of the bovine 
bacillus of reinfection takes place but not the extensive growth of the 
virus observed in rabbits after a primary infection. 

4. In these rabbits slight tuberculous lesions develop as compared 
with the massive tuberculosis of primarily infected rabbits. 

5. The human tubercle bacillus of reinfection does not multiply at 
all, nor does it cause any lesions, even when the lesions of the pri- 
mary infection have almost disappeared. 

6. Although the rabbit destroys efficiently considerable quantities 
of bovine tubercle bacilli of reinfection introduced from without it 
may harbor inmunerable human bacilli in the residual primary 
lesions of the lung and kidney. 
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STUDIES ON THE DISSOCIATION OF THE HOG CHOLERA 

BACILLUS 

in. Active Immunization vtith R Forms 
By c. p. lt, m,d. 

(From the Division of Bacteriology, Department of Pathology, Peking Union Medical 

College, Peiping, China) 

(Received for publication, September 16, 1929) 

In previous papers (1), (2) studies on the dissociation of the so- 
called hog cholera bacillus were presented. It was found that at 
least 4 distinct forms of the bacillus existed —the “normal” or MS 
strain and its 3 variants, MR, NS and NR. From immunological 
tests it was apparent that the symbols MS, MR, NS and NR corre- 
sponded to the symbols OH, 0H, O and 0, respectively, used by pre- 
vious investigators. The virulence of the S forms, as in other bac- 
terial species, was greater than that of the R forms. Both AIS and 
NS forms were virulent for hamsters and rabbits. The NR form, 
however, usually gave rise to fever or abscess formation and occasion- 
ally caused the death of these animals. In attempts to induce re- 
version from one form to another, it was found that the MR form, 
which, as such, consistently lacked virulence, was under certain 
conditions the most imstable of the forms. It reverted either to its 
prototype, the virulent MS form, or dissociated further into the NR - 
form (2). This observation was of particular interest and will be 
referred to presently. 

It is of importance to determine for practical purposes whether the 
killed, or especially the living avirulent R forms, are of value as 
prophylactic vaccines. It is also desirable to determine which of the 
antigenic components, the H, 0 or the 0, separately or in combina- 
tion, are responsible for the stimulation of immunity. In this paper 
studies are reported which were made to determine the immunizing 
power of the avirulent forms of the hog cholera bacillus isolated in 
this laborator}^ 
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Many studies have already been made in regard to the virulence or avirulence 
of bacteria used as antigens. Rowland (3), working with plague bacilli, Weber 
(4), with typhoid bacilli, and Griffitli (5), with pneumococci, aU agreed that 
avirulent forms of the respective bacteria were unsuitable for tlie production of 
efficient vaccines or antisera. The Army Council (6), however, reported that 
virulence is not an essential characteristic of organisms used for tlie production 
of vaccine. Tillett (7) also found that some degree of immunity against S strains 
could be established in rabbits with killed R Pneumococci, although antiserum 
produced by tlie injection of R forms into rabbits was valueless in passive protec- 
tion of mice. 

Other investigations have shown tliat animals inoculated with the living aviru- 
lent form were resistant to the virulent form of the same organism. Manninger 
(8) found this to be true with B. avisepticus in mice, De Kruif (9) with the B. 
iepisepticum, and Cowan (10) with the streptococcus in mice. Witli considerable 
difficulty, White (11) succeeded in immunizing rabbits against the hog cholera 
bacillus by vaccinating tliem with killed S and R organisms as well as with living 
R forms alone. 

Much attention has also been devoted to the comparative antigenic power of the 
various antigenic components present in bacterial vaccines. Felk and Olitzki 
(12) and Arkwright (13) believed that the "0” antigen was chiefly responsible 
for the stimulation of immunity, and according to the latter author the presence of 
the H or 0 (rough 0) element was unimportant. Springut (14) working with E. 
t 3 T)hi murium, however, concluded that animals immunized with both H and 0 
components have a higher degree of protection than those immunized with 0 
antigen alone. Similar observations were made by Ibraham and Schutze (15) 
who showed that vaccines containing both H and 0 elements were most effective. 
“0” vaccines stimulated slight protection and vaccines containing H or 0 alone or 
together were without value. 

Method 

The hamsters (Cricetulus griseus) and rabbits used in these experiments were 
all derived from the same source and were kept under similar conditions for at least 
a month before use. In all experiments animals of similar weight were used. 
Before use the blood of eacli rabbit was tested and found free from agglutinins for 
hog cholera badlli and for rabbit typhoid bacilli. 

Vaccine .- — 24 hour old agar slant cultures of the 4 forms MS, MR, NS and NR 
of the hog cholera bacillus were suspended in 0.1 per cent sodium chloride solution 
and standardized by counting and diluting. The organisms were killed bj'^ heating 
to S6°C. for 30 minutes. Living vaccines were prepared by suspending the growth 
from a 24 hour old brotli culture in 0.1 per cent saline solution. 

Immunization of Animals . — ^Hamsters were immunized b}’' injecting vaccine 
subcutaneously on one side of the dorsal surface once or several times at 7 day 
intervals. When the animals were tested for immunity, the test organisms were 
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inoculated subcutaneously on the opposite side of back 7 to 24 days after the last 
injection. Rabbits were immunized in the same way except that the ventral 
surface was used. For immunization and for immunity tests the desired amount 
of vaccine or test organisms were suspended in 1 cc. of 0.1 per cent saline solution 
before injection. 

Cultures on China blue rosalic acid agar plates were made from the spleens of all 
animals djdng during immunization or after the immunity tests. The organisms 
recovered were identified in the usual way. 

After the test inoculation all animals were observed for 30 days. The tempera- 
ture of the rabbits was taken daily. At the end of 30 days all of the survivors were 
killed and in most cases cultures of the spleen were made. 

EXPERIMENTAL 

Vaccinatio7i with Killed Organisms. — Preliminary experiments indi- 
cated that the injection of killed organisms did not confer immimity 
against virulent hog cholera bacilli in rabbits. Further efforts were 
then made to immunize hamsters by the same method. 

40 hamsters were divided into 4 groups of 10 each. Each group was immunized 
with one of the 4 forms MS, MR, NS and NR by injecting 4 increasing doses 
(40, 100, SOO and 1000 million) of heat killed bacilli at 7 day intervals. 10 days 
after the last injection, all the hamsters, together with 10 unvaccinated control 
animals, were inoculated subcutaneously with .0001 cc. of a culture of virulent 
MS bacilli. 

Results. — ^Vaccines consisting of heat kiUed MS, MR and NR forms 
were without effect. 8 of the hamsters vaccinated with the MS 
form, 9 with the MR form and 10 with the NR form died within 2 
weeks. 9 of the controls died. The heat killed NS vaccine, however, 
appeared to confer some degree of immunity since only 5 of the 10 
hamsters vaccinated with this form succumbed. 

Vaccination with Living MR and NR Forms . — 

Two groups of 15 hamsters each were given single subcutaneous injections of 
.01 cc. of Uving broth culture of the MR and the NR forms respectively. One 
hamster from each group died. No growth was obtained from the spleen of the one 
vaccinated u-ith the MR form, but the NR form was recovered from the animal 
which was inoculated with that form. 1 1 of the 14 animals which survived injec- 
tion of the NR form developed an abscess at the site of inoculation. 

Two weeks after vaccination aU of the hamsters together with 10 unvaccinated 

ones were pven .0001 cc. of the living hIS form subcutaneously. The results are 
shovm m Table I. 
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Results : — More than 50 per cent of the vaccinated animals survived 
while all of tlie control animals died witliin 10 days. It appears there- 
fore that tlie living organisms of both MR and NR forms confer 
active i3nmunity. 

The experiment was repeated by immunizing 20 hamsters with a smaller dose 
(.005 cc.) of living NR bacilli and repeating tire injection 20 days later. 2 animals 
died after the second injection and NR bacilli were recovered from the spleen. 
The remaining 18 animals and 10 controls were inoculated with .001 cc. and 
.0001 cc. respectively of a broth culture of the hIR form 24 days after the second 
vaccination. 


TABLE I 

Iinmuiiizaiion of Hamsters -with 1 Dose of .01 Cc. Broth Culture of Living MR and 

NR Hog Cholera Bacilli 


The animals were inoculated subcutaneous^ with .0001 cc. of 24 hour broth 
culture of MS form of hog cholera bacillus 2 weeks later. 


Immunized with 

No. used for 1 
test 

No. died in days after test-dose 

Percentage 
of sun-ivors 
after 30 days 

1-S 

6-10 

ll-lS 

16-20 

MR 

14 

1 

2 

1 

2 

57 

NR 

14 

0 

1 

4 


64 

Unvaccinated 

10 

3 

7 



0 

(control) 





1 



Results . — 9 of the 10 controls died while 14 out of IS or 77 per cent 
of the vaccinated animals survived. All of tlie animals which recov- 
ered were killed after 30 days and spleen culture were made. The MS 
form was recovered from the 1 control animal and from 8 of the 14 
vaccinated hamsters. No growth was obtained from the remaining 6. 

Cross Immumiy with B. paraiyphosus "C .” — It has already oeen 
shown by TenBroeck (16) and confirmed by Schutze (17) that a 
cross immunity exists between the hog cholera bacillus and B. para- 
typhosus “C” (Hirschfeld) . Experiments were then made to deter- 
mine the immunity of hamsters to B. paratj'phosus “C” after vaccina- 
tion with the living R forms of hog cholera bacilli. 

20 hamsters were inoculated subcutaneously with .01 cc. of a living broth culture 
of the MR form. Later, 2 doses, .005 cc. and .01 cc. of a living broth culture of 
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NR bacilli were given subcutaneously, 7 days intervening between each injection. 
None of the animals died during the immunization period. The immunitj' was 
tested 14 days later by injecting half of the hamsters vdth virulent hog cholera 
bacilli and the other half with B. paratj-phosus “C.” The results are shown in 
Table H. 

Results. —It is evident that hamsters vaccinated with R forms of hog 
cholera bacilli are immime to B . para typhosus “C” as weU as to the MS 
form of the homologous race. 

Vaccination with R. Paratyphoid Bacilli . — An experiment the reverse 
of the preceding was next carried out. 

TABLE n 

Hamsters Immunized Subcutaneously vnth 3 Doses oj Living MR and NR Forms of 
Hog Cholera Bacilli: MR .01 Cc., NR .005 Cc. and .01 Cc. at 7 Day Intervals 
The animals were inoculated subcutaneously with MS form of B. paratyphosus 
“C” or MS hog cholera hadllus 14 days after the last immunizing dose. 


Immtinized •rfith 

Ko. xi«d 

Tesl-dosc 

[ No. died 

PcfcenUse of 
survivors aiter 
30 days 

Hog cholera bacillus 
MR and NR 

10 

B. para. “C”, MS, 
.001 cc. 

0 

100 

■Cnvaccinated (con- 
trol) 

10 

B. para. “C”, MS, 
.001 cc. 

8 

20 

Hog cholera bacillus 
MR and NR 

10 

Hog cholera bacillus 
MS, .0001 cc. 

2 

80 

Unvaednated (con- 
trol) 

8 

Hog cholera bacillus 
MS, .0001 cc. 

S 

0 


A motile rough (MR) variant was derived from the “normal” MS paratyphoid 
“C” bacillus. The MR form was foimd to be avirulent for hamsters. 20 ham- 
sters were then immunized with this form by injecting subcutaneously at weekl}' 
intervals one dose of 400 million killed badlli followed by .0001 cc. and .002 cc. 
of the living broth culture. None of the animals died during immunization. 10 
days after the last dose, 10 of the hamsters were inoculated with MS hog cholera 
bacilli and 10 with MS paratyphoid “C” bacilli. 20 emvaednated control ham- 
sters divided into 2 groups of 10 each were also inoculated with MS hog cholera 
and paratyphoid “C” bacilli respectively. 

Results. The results after 30 day§ were practically the same as 
those of the preceding experiment. Vaccination with MR paraty- 
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phoid “C” bacilli conferred immunity against both \drulent hog cholera 
bacilli and tlie MS form of tlie homologous race. SO per cent of the 
vaccinated animals survived tlie injection of hog cholera bacilli while 
only 10 per cent of tlie controls did. All of tlie vaccinated animals 
sundved inoculation with MS paratyphoid “C” bacilli and all of the 
controls died. 

The foregoing experiments are summarized in Table III. The 
results of the vaccination of hamsters witli tlie living R form of both 

TABLE in 


Summary of Immunizalion Expcrimcitls in Hamsters with Living R Culture against 
S Hog Cholera and Paratyphoid “C” Bacilli 


Immunized with 

Tested with 

No. 

used 

No. 

died 

PerceatSEc 
of sumv- 
ors after 
30 days 

Hog cholera b.acillus, MR 

Hog cholera bacillus, MS 

14 

6 

57 

(( 

NR 

(( 

14 

S 

64 


NR 

« 

18 

4 

77 


MR&NR 


10 

2 

SO 

it 

MR&NR 

B. para. “C” MS 

10 

0 

100 

B. para. “C” MR 


U 

10 

0 

100 

U 


Hog cholera badllus, MS 

10 

2 

1 80 

Tot.al 

Hog cholera bacillus, M S or B . 
para. “C,” MS 

86 

19 

78 


Unvaccinated (control) 

Hog cholera bacillus, MS orB. 

68 

63 

7 



para. "C," MS 





hog cholera and paratyphoid “C” bacilli are striking. Of tlie 86 
animals vaccinated witli living R forms, 67 survived tlie subsequent 
inoculation of virulent S forms of bacilli, either of the homologous or 
the heterologous race. Only a small number ( 7 per cent of 68 animals) 
of the unvaccinated control hamsters survived altliougli in many 
instances tliey received mucii smaller doses of virulent bacilli tlian the 
, vaccinated animals. 

Experiments with Rabbits . — ^As mentioned previously, vaccination of 
rabbits with killed hog cliolera bacilli was unsuccessful. 



ImniunisatioH of Rabbits xoiih Killed S or v)xth Living R Hog Cholera Bacilli against the Virulent MS Form 

S = survival, D = death, F = fever, 40-41°C. 
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.0001 D. in 6 days 

.000001 D. in 7 days 
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4 animals were given 7 intravenous injections at 7 day intcn^als of large doses 
(SO million to SOO million) of the heat killed bacilli. All succumbed within 8 to 11 
days after tlie inoculation of .0001 cc. of tlic MS form. 

7 rabbits were then inoculated subcutaneously with 1 or more doses of living R 
cultures as indicated in Table IV. Some of the animals developed fever of 40°C. 
lasting from 1 to 5 daj's after the first dose and lost weight. No abscess formation 
was observed. 2 or 3 weeks after the last injection, tliey were inoculated subcu- 
taneously with the MS form. 

As shown in Table only 1 of the animals died after receiving a large dose, 
.1 cc., of a broth culture. All of tlic controls, including the one which received 
onl}*^ .000001 cc. of tlie culture, died within 7 days. Most of tlie survivors, how- 
ever, developed fever 2 to 4 daj-s after the inoculation which lasted from 9 to 19 
days, and lost weight. With tire disappearance of fever tliey regained weight and 
recovered. 


DISCUSSION 

It has been demonstrated tliat tlie vaccination of hamsters and 
rabbits with living R forms of hog cholera bacilli and paratyphoid 
bacilli elicits a definite immunity against the’mrulent S forms of 
both kinds of bacilli. Further work is, of course, necessary to deter- 
mine the practical value of using living R forms of various bacteria as 
prophylactic vaccines. It should be borne in mind tliat in tlie case 
of the hog cholera bacillus, tlie NR cultures are not absolutely innoc- 
uous. NR bacilli occasionally cause death and frequently give rise 
to abscess formation in hamsters. Both NR and MR bacilli cause 
illness and fever in rabbits. Furtliemiore, as alluded to before, it 
was shown in a previous paper (2) that MR bacilli ma)’’ revert to tlie 
virulent MS form in vitro and in vivo. The reversion to the MS form 
in vivo occurred after large doses had been injected intraperitoneally. 
In the present investigation the MR forms were injected subcutane- 
ously and no reversion was observed. 

In regard to the comparative immunizing power of tlie various anti- 
genic components in the vaccine, the results of tliese experiments are 
at variance with those of certain other investigations. It was found 
that immunity was stimulated by botli 0H (MR) and 0 (NR) forms 
of the living bacilli. 

SUMMARY 

1. Heat killed organisms of the MS (OH), MR (0H), NS (0) or 
NR (0) forms of hog cholera bacilli failed to confer immunity, at 
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least to any considerable degree, in hamsters or rabbits against viru- 
lent hog cholera bacilli. 

2. Hamsters and rabbits were successfully immunized against viru- 
lent MS baciUi by vaccination with living MR (0H) and NR (0) 
forms. 

3. Hamsters were immunized against MS hog cholera bacilli with 
living R paratyphoid “C” bacilli and conversely against MS para- 
typhoid “C” bacilli with living R hog cholera bacilli. 

I wish to acknowledge the assistance of Hr. H. A. Reimann in the 
preparation of the manuscripts. 
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ANAPHYLACTIC SHOCK WITH THE PARTIAL ANTIGEN OF 
THE TUBERCLE BACILLUS 


By JOHN F. ENDERS 

{From the Deparhneni of Bacteriology and Immunology, Harvard University 
Medical School, Boston) 

(Received for publication, August 22, 1929) 

The relationship of the so-called specific soluble substance to acute 
anaphylactic shock has been only recently determined. This appears 
somewhat remarkable in view of the well recognized precipitogenic 
action of the partial antigen in vitro together with the long-observed 
correlation of high precipitin titre with a serum’s effectiveness as a 
sensitizing agent — facts which a priori almost force the assignment to 
the specific polysaccharide of an essential function in the anaphylactic 
mechanism. Tomcsik (1) in 1927, working with the carbohydrate of 
B. lactis aerogenes, showed that guinea pigs passively sensitized with 
the homologous antiserum died acutely when injected with the specific 
soluble substance. In addition, he formd that the isolated uterus of 
a sensitized guinea pig reacted to exceedingly small quantities of the 
material. These observations were extended by Tomcsik and Kur- 
otchkin (2) to include the carbohydrates obtained from the pneumo- 
baciUus and from yeast. In 1929 Avery and TUlett (3) confirmed the 
work of these authors by producing with the specific carbohydrate of 
the pneumococcus anaphylactic shock in guinea pigs treated with 
antipneumococcus rabbit sera corresponding to Types I, II and III. 
Moreover, they showed that the type specificity of the carbohydrate 
held rigidly in its anaphylactogenic role. Noted by them also was the 
interesting and as yet unexplained fact that antipneumococcus horse 
serum was incapable of sensitizing. 

On the basis of these facts it appears probable that in every case 
in which a specific carbohydrate can be obtained from a complete 
antigen complex capable of producing antibodies in vivo anaphylactic 
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shock can be elicited under suitable conditions by means of the partial 
antigen. 

The application, then, of what appears to be a general principle to 
tlie problem of hypersensitiveness in tuberculosis and its relation to 
true anaphylaxis seemed to offer a new instrument in the study of 
the mechanism involved. The experiments reported in this com- 
munication were designed mainly to confirm in respect to the carbohy- 
drate of the tubercle bacillus the work of the previous authors. Only 
in a preliminary fashion do they touch upon the problem of allergy in 
tuberculosis. 

The specific carbohydrate used in this work was derived according to the 
process devised by Mueller (4) from O. T. produced by a human strain (H 37 — 
Saranac) grown on a synthetic medium. The substance contains 0.3 per cent 
nitrogen and a very slight trace of phosphorus. 3 per cent ash containing a trace 
of copper is present. It docs not reduce Benedict’s solution, but gives a very 
strong alpha-naphthol test for carbohydrate. It gives no precipitate with picric, 
tannic or phosphotungstic acid, not witli lead acetate, neutral or basic copper 
sulfate, uranium nitrate, silver nitrate, mercuric nitrate, nor with safranine. 
Optical rotation is determined on a 3 per cent aqueous solution in a 1 cm. tube: 
Wd = + 17.3°. It does not give a skin test in tuberculous animals or animals 
rendered hypersensitive to tuberculin by injection of killed tubercle bacilli (2). 
It gives a ring test with the homologous antiserum in a dilution of 1 : 2,000,000. 

Since the results of all who have worked with various bacterial 
carbohydrates show that such substances are not antigenic when in- 
troduced into tlie living organism, it was not considered essential 
again to demonstrate a lack of antigenicity with tliis material. 

Passive Sensitisation 

To obtain an antiserum with which passive sensitization could be carried out, a 
rabbit was given four injections of a saline suspension of dead tubercle bacilli 
(H 37 — 26.5 mg. dry weight at each injection) grown for 8 weeks on 5 per cent 
glycerine bouillon and killed by beating at SO^C. for an hour. The injections 
were done on every fourth day. With varying dilutions of a commercial 0. T. 
(Mulford), the pure serum taken 4 days after the last injection showed a distinct 
ring in 1 ; 10,000. Unfortunately, owing to an accident, onfi' sufficient serum was 
obtained to sensitize 3 guinea pigs. Each pig was given 2 cc. of the rabbit serum 
intraperitoneally. The results obtained by intravenous (ear vein) administration 
of the specific carbohydrate are shown in Table I. 
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TABtE I 


Guinea pig 
No. 

Sensitizing 
dos€ anti- 
Tb. rabbit 
scnun 

Shocking 
dose of SSS 
(Tb) 

Hours 
elapsed be^ 
tween sensi- 
tizing and 
shoocing 
dose 

' Results 


cc. 

mu 



1 

2 

i 

2 

24 

Acute symptoms of shock-death in 3 
min. Autopsy showed tj^pical pul- 
monary emphysema — ^heart still 

beating 

2 

2 

2 1 

98 

Symptoms within 1 min. D 3 'spnoea, 
violent scratching, urination, defeca- 
tion. Extreme prostration. Re- 

covery after 15 minutes 

3 

2 

2 

98 

Typical and severe symptoms within 1 
min. Extreme dyspnoea with con- 
vulsive movements, marked prostra- 
tion. Slow recovery 


Normal animals treated rvith the same amount of carbohj'drate showed no 
symptoms. Because of the small number of animals represented, a second 
anti-Tfa. rabbit serum was prepared and the experiment repeated. 


TABLE n 


Guinea pig 
No. 

Sensitizing 
dose anti- 
Tb. rabbit 
■ scrum 

Shocking 
dose of SoS 
(Tb) 

Hours 
elapsed be- 
tween scasi- 
tizing and 
shoocing 
dose 

Results 

j 

4 

Wm 

B 

B 

Death in 4 min. Autopsy t>pical 

5 




Symptoms of severe shock. Slow 

6 

H 



recovery 

Death in 3 min. Autopsy typical 

7 

Bi 

mSM 


Death in 4 min. Autopsy tj-pical 


The rabbit serum used in the experiment shown in Table II gave a precipitin 
titre against 0. T. of 1 ; 10,000. It also gave a definite predpitin titre against the 
spedfic soluble substance with a dilution of 1 : 128 of the serum. 


Actitie Sensitization 

The previous workers in this field have dealt only with 
passively sensitized with immune rabbit serum. To study effectively 
the relation between anaphylaxis and tuberculin allergy it seemed 
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desirable to produce acute shock in guinea pigs actively sensitized with 
the tubercle bacillus. If an animal could be obtained which was 
simultaneously sensitive to intracutaneous inoculation of tuberculin 


TABLE m 


] 

Guinc.1 
pig No. 

Scnsitirinc dose 
dead 

H 37, heat killed 

ShockinK dose of 
SSS (Tb) 

Intm-al 
between 
sensitizing 
imd shock- 
ing dose 

Results 


! 


days 


8 

2.1 mg. every 
tliird day — 
three doses 

2 mg. i.v. (ear 
vein) 

38 

Symptoms of shock tvithin 2 min . 
Scratching, dyspnoea, followed 
by slow recover^’ 

9 

Same dose 

2 mg. i.v. (car 
vein) 

38 

i 

Symptoms of shock within 2 min. 
Violent scratching, dyspnoea, 
urination followed by marked 
prostration and rccoveiy 

10 

Same dose 

2 mg. i.v. (jugu-l 
lar vein) 

42 

Slight symptoms — ^inconclusive 

11 

Same dose 

2 mg. i.v. (jugu- 
lar vein) 

42 

Slight symptoms — ^inconclusive 

12 

Same dose 

2 mg. i.v. (ear 
vein) 

42 

Practically no symptoms 

13 

Same dose 

2 mg. i.v. (ear 
vein) 

44 

Immediate symptoms. Scratch- 
ing dyspnoea, followed by a per- 
iod of prostration. Recovery' 

14 

Same dose 

2 mg. i.v. (ear 
vein) 

45 

Immediate symptoms of slight 
shock. Scratching, dyspnoea, 
etc. Recovery 

15 

Same dose 

2 mg. i.v. (ear 
vein) 

45 

Immediate symiptoms of shock. 
Restlessness, scratcliing, dysp- 
noea, prostration. Recovery 

16 

Same dose 

2 mg. i.v, (ear 
vein) 

45 

Slight symptoms. Inconclusive 

17 

Same dose 

2 mg. i.v. (ear 
vein) 

45 

No sy'mptoms 


In this series only SO per cent of the animals showed definite symptoms of 
shock with the amount of carbohj'drate administered. The poor degree of sensi- 
tivity observed can probably be attributed to the rather long interval between 
sensitization and testing. 

and to the specific carbohydrate as indicated by acute shock, the 
effect of anaphylactic desensitization on tlie intensity of tlie skin reac- 
tion might be accurately observed. 
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Having on hand a series of guinea pigs weighing from 350 to 400 
grams which had received intraperitoneal injections of dead tubercle 
bacilli, an experiment was undertaken to determine the anaphylactic 
sensitivity of these animals to the specific carbohydrate. The results 
are shown in Table III. 


TABLE rv'^ 





Inler\*al 


Guinea 
pig Xo. 

Scnsilizins dose 
heat killed strain 

H 37 (Tb) 

Shocking dose of 

SSS (Tb) 

between last 
sensitizing 
and shock- 

Results 



ing dose 





days 


18 

2 0 mg. everj' 

2 mg. SSS (ear 

24 

Symptoms of acute shock in 1 


3rd day — 

vein) 


minute. Marked dyspnoea, 


three doses 



scratching, convulsive move- 
ments, followed by death in 9 
minutes 

19 

Same dose 

2 mg. SSS (ear 

24 

Immediate symptoms of acute 



vein) 


shock. Marked dyspnoea, 

urination, convulsive mov- 
ments. Profound prostration 
and slow recovery 

20 

Same dose 

2 mg. SSS (car | 

24 

Immediate sjTnptoms of acute 



vein) 


shock. Marked dyspnoea, 

scratching, urination, convul- 
sive movements. Prostration 
followed by' slow recovery' 

21 

Same dose 

3 mg. SSS (ear 

24 

Immediate symptoms of acute 



vein) 


shock (within 1 min.). Dy'sp- 
noea, scratching, urination, 
convulsive movements. Pros- 
tration followed by death in 8 
minutes 

22 

Same dose 

3 mg. SSS (ear 

24 

Symptoms of shock within 1 



vein) 


minute. Dyspnoea, scratch- 
ing, convulsions, followed by 
death in 5 minutes 


Another lot of guinea pigs were given intraperitoneal injections of 
dead tubercle bacilli. These animals were older and heavier than 
those used in the previous e-xperiment (500-600 grams). MTien tested 
with the carbohydrate, the results shown in Table IV were obtained. 

It is clear from the foregoing e.xperiments that acute lethal shock 











I 




4a. «oo ccl 


Fig. 1. On August 5, 1929, Guinea Pig 21-b received 2 cc. of anti-Tb. rabbit 
serum int^aperitoneall5^ 24 hours later the isolated uterus of tliis pig gave the 
reaction recorded above when 5 mg. of tlie specific soluble substance was added to 
the bath. 


2i- t- 

t.e^< Hovi-k 



AS CO 

Fig. 2. On July 5, 9, and 12, 1929, respectively, Guinea Pig 22-b received 3 
mg. of dried tubercle bacilli intraperitoneally. On August 7 the isolated uterus 
gave the reaction recorded above when 2 mg. of the specific soluble substance was 
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can be produced by the specific carbohydrate of the tubercle bacillus 
in guinea pigs either actively sensitized with the bacteria themselves 
or with an anti-Tb. rabbit serum of high precipitin titre. 

TABLE V 


Guinea Pigs Actively Sensitized, with Dead Tubercle Bacilli 


Guinea 
pig No. 

DoseO.T. 

intracutancous 

Inten'al 
betvreen 
tuberculin 
test and 
shock 

Reading of tuberculin 
reaction No. 1 

24 hours after mjection 

Intcr\'al 
between 
tuberculin 
test No. 2 
and shock 

Reading of tuberculin 

1 reaction No. 2 

24 hours after injection 
with 0. T. 

23 

0.1 cc. 1:10 
dilution 
(Mull) 

11 days 

,+++ Marked 
necrosis 

1 hour 

Reading at 48 hours 
— Redness, edema, 
central blanching, 
slight necrosis 

24 

Same dose 

4 days 

++ Induration 
vrith necrotic 
centre 

18 hours 

Reading at 48 hours 
— ^Redness, edema, 
central blanching, 
slight necrosis 

25 

Same dose 

16 days 

1 

1 

+ Marked red- 
ness and edema, 
slight blanching 

Not done 

Not done 

26 

Same dose 

12 days 

-l--f Blanching 

Not done 

Not done 

27 

Same dose 

12 days 

db Redness and 
slight edema 

1 hour 

Reading at 48 hours 
— Redness, — a 
weak reaction 

28 

Same dose 

8 days 

-i- No necrosis. 
Redness and 
edema I 

24 hours 

i 

-k Redness and swell- 
ing. Slight blanch- 
ing 

29 

Same dose 

24 days 

± Weak reaction 


-k-k Central blanch- 
ing 

30 

Same dose 

11 days 

-k Slight blanch- 
ing 


-k-k Redness, swell- 
• ing and blanching 

31 

Same dose 

24 days 

+ Blanching 

1 hour 

-k Redness, swelling 
and slight blanch- 
ing 

32 

Same dose 

10 days 

-i — k Blanching 

1 hour 

Slight blanchng 

33 

Same dose 

24 hours 

■kH — 1 — k 

4 days 

+,++-k Necrosis 
and induration 

34 

Same dose 

24 hours 

d — i — 1 — k 

4 days 

-k-kH — Necrosis 
and induration 


The uteri of guinea pigs both actively and passively sensitized gave 
tj'pical reactions when the specific substance was added to the bath. 
The highest dilution employed gave a reaction in 1 : 100,000. Whether 
this was the minimal reacting dose cannot be stated. 









784 


ANAPHYLACTIC SHOCK 


Effect of Shock on Tuberculin Reaction 

Simultaneously willi tlie detennination of these facts it was possible 
to obsen'^e the effect of anaphjdactic desensitization on the allergic 
reaction in those animals which suffered acute sub-lctlial shock. By 
injecting 0.1 cc. 1:10 dilution of O.T. intracutaneously before and 
after the shocking dose was given, any diminution in the intensity 
of the skin lesion could be nicely perceived. In Table V these com- 
parisons are made. 

From these data it becomes apparent tliat in guinea pigs made 
anaph 3 dactically sensitive to the specific carbohydrate by intraperi- 
toneal injections of killed tubercle bacilli, and showing at tlie same time 
inflammatory sidn reactions to O.T., acute shock does not influence 
the intensity of the dermal response as indicated b}'’ subsequent tests 
with O.T. None of tlie guinea pigs passively sensitized with anti-Tb. 
rabbit serum showed a positive von Pirquet reaction when tested with 
O.T. This is an indication tliat the anaphylactic mechanism is 
totally distinct from the phenomenon of skin allerg}'- in tuberculosis. 

Wfliether or not the degree of anaphjdactic sensitization runs parallel 
with the vigor of the cutaneous reaction cannot be judged from the 
results so far obtained. 


DISCUSSION 

Since these observations form merel}'- the starting point for a more 
extended study of the problem of allergy in tuberculosis, no exhaustive 
discussion of the material presented will be undertaken at present, 
but will be deferred until experiments ydth the so-called nucleo-pro- 
tein fraction in conjunction with the specific soluble substance both 
in vivo and in vitro have been completed. It is, however, pertinent at 
this point to inquire whether the instances of fatal shock given above 
were caused by the specific carboltydrate itself or a protein impurit)’’, 
and then to ascertain whether actual anaphjdactic slioclc has been 
produced according to the criteria laid down by Wells (6). 

Since the specific pol 3 '-saccharide contains 0.3 per cent nitrogen, it 
would seem theoreticalh’- impossible to exclude the participation of a 
protein in tlie reaction — but this is exceedingl 3 '’ unlikel 3 ’’ if we consider 
the small amount of protein represented by the letlial dose of 2 mg. of 
carbohydrate. If all tlie nitrogen present be taken as included in 
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protein, the latter -would -weigh about 0.0375 mg. According to 
Wells (7), the minimum lethal dose of purified protein is about l/20th 
or 1 /10th of a milligram. The process of purification, ho-wever, as 
-well as the failirre to obtain any qualitative tests for protein make it 
highly improbable that the nitrogen present represents a -whole protein 
or even any of its higher derivatives. We may thus conclude -with 
reasonable certainty that the substance responsible for acute death is 
of the nature of a carbohydrate. 

All but one of Wells’ criteria for true anaphylaxis have been met in 
these experiments; (1) that the material be toxic for sensitized animals 
only ; (2) that the sjuuptoms produced be characteristic for the species 
of animal employed; (3) that passive transfer of sensitization be 
possible (this has been done only with rabbit serum, not with the 
homologous serum of the sensitized animal) ; (4) that capillary throm- 
bosis or emboli be not the cause of death (this is excluded only by the 
number of animals suffering shock and the typical autopsy findings) ; 
(5) that desensitization take place after non-fatal shock (2 animals 
tested, neither reacted to 2 mg. of the specific soluble substance). 

Tests for the prevention or amelioration of bronchial spasm by the 
use of atropin and adrenalin have not been done. 

We can then be fairly assured that we have been dealing with true 
anaphylaxis produced by the specific carbohydrate of the tubercle 
bacillus. 


CONCLUSIONS 

1- Typical lethal anaphylactic shock has been produced in guinea 
pigs by means of the specific carbohydrate derived from a human 
strain of tubercle bacillus. The phenomenon has been observed in 
animals both actively and passively sensitized. 

2. Typical contractions have been evoked in the isolated uterus of 
gmnea pigs upon the addition of the specific carbohydrate to the bath. 

3. True anaphylactic shock against the specific carbohydrate in 
guinea pigs sensitized with the tubercle bacillus does not prevent or 
diminish the cutaneous reaction to O. T. in those animals which 
recover. 
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SENSITIVITY TO LIETHYLENE BLUE AND FINAL ACID- 
ITY OF NON-HEMOLYTIC STREPTOCOCCI 

By ROY C. A\^Y, Ph.D. 

{From the Department of Bacteriology and Immunology, Vanderbilt University 
Medical School, Nashville) 

(Received for publication, September 4, 1929) 

The differentiation of hemolytic streptococci by means of differences 
in the final hydrogen ion concentration and in sensitivity to methylene 
bine has been presented in a preceding paper (1) . By means of these 
reactions three groups were distinguishable: (1) human strains, 
defined by a final pH range of 5.0 and by failure to reduce methylene 
blue (1:5000) in milk; (2) bovine strains from the udders of cows, 
characterized by a final pH of 4.5 to 4.2 and by failure to reduce 
methylene blue; (3) saprophytic strains from dairy products, showing 
a final pH of 4.5 to 4.2 and the capacity to reduce the djm during 
growth in milk. 

The present paper presents the results of the application of the same 
tests to a collection of different strains of non-hemolytic streptococci 
isolated from human infections, bovine mastitis and dairy products. 

Description of Strains 

During the investigation 55 strains of non-hemolytic streptococci were exam- 
ined. Of these, 12 strains were isolated from individuals suSering from endo- 
carditis and septicemia, 6 from the udders of cows showing mastitis and 37 from 
dairy products such as butter starters, sour milk, and cheese. On blood agar 
plates all produced methemoglobin both on the surface and in the depth of the 
medima with the exception of three from dairy products which caused no change 
in the blood pigment. None of the strmns except three from hvunan source 
fermented inuhn. All strains were insoluble in bile. The origin and number of 
strains from each source are given in Table I. 

Final Hydrogen Ion Concentrations 

To determine whether the non-hemol 3 rtic streptococci could be 
divided into high and low acid groups as the -hemol 3 rtic strains had 
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been, the final hydrogen ion concentration in dextrose broth was 
tested. 

Fifty-four of the 55 strains tested showed a range of pH from 4.9 to 4. 1 . Only 
one of the strains from human source showed a low-acid-production (pH 5.2) 
within the range given for the hemolytic strains isolated from human infection. 
Five non-hemolytic strains from human source and two from mastitis in cows 
showed final hydrogen ion concentrations between the limits distinctive for human 
and bovine types of hemolytic streptococci (pH 5.0 to 4.5). 

No distinction between strains from bovine and human sources 
could be demonstrated tlierefore, by means of differences in their 
final hydrogen ion concentrations. 


TABLE I 

N on-Eemolytic Streptococci 


Source 

Number of strains 

Endocarditis: septicemia 

12 

Bovine mastitis 

6 

Sour milk, cream 

18 

Butter starters 

10 

Ice cream 

t 1 

Cheese 

i s 



Total 

55 




Reduction of Methylene Blue Milk 

The capacity of the non-hemolytic streptococci to reduce methyl- 
ene blue milk was tested by the method described in the preceding 
paper (1). Methylene blue was added to milk in final concentration 
of 1 : 5000, 1 : 10,000 and 1 : 20,000. 

The results of the study of the reducing action of tliese strains are 
given in Table II. 

Analysis of the data (Table II) shows that with the non-hemolytic 
streptococci as previously with the hemolytic variety, strains of 
saprophytic origin have a greater tendency to tolerate and to reduce 
high concentrations of methylene blue than have strains of parasitic 
(human or bovine) origin. This tendency is evidenced by the fact 
that 14 of the 18 strains from human and bovine sources' failed to 
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reduce a 1:5000 concentration of the dye whereas 32 out of the 38 
strains from saprophytic sources not only actively reduced but grew 
luxuriantly in the same concentration. 

However the difference in sensitivity to methylene blue was not so 
pronounced and clean cut with the non-hemolytic streptococci as 
it was with the hemolytic strains (1) ; and although a number of 
different concentrations of the dye were tested, no satisfactory distinc- 
tion could be obtained between the strains from human and bovine 
infections and the saprophytic strains from dairy products. When 
the concentration (1:20,000) was sufficiently low to permit reduction 
on the part of all the saprophytic strains, the dye was likewise tolerated 
by more than half of the strains from human sources and from bovine 

TABLE n 


Reduction of Methylene Blue by Non-Eemolytic Streptococci 


Conccntntion 
methylene blue 
ia milk 



Strains isolated Irom 



Human inlections 

Bovine mastitis 

[ Dairy products 


Not redudng 

Kedudng 



Not reducing 

Reducing 

1:20,000 

5 

7 

1 

I 

5 

0 

38 

1:10,000 


• 5 

2 

4 

1 

37 

1:5,000 

■■ 

1 , 

3 

3 ' 

6 

32 


udders. Increasing the concentration of the dye was of no advantage : 
when the concentration (1:5000) was sufficiently high to prevent 
reduction on the part of most of the human and bovine strains, about 
one-fifth of the saprophytic strains proved unable to tolerate the dye. 

Hence, although the total number of strains studied was not large, 
the results definitely show that with non-hemolytic streptococci 
differences in sensitivity to methylene blue fail to give a distinction of 
practical value between strains from pathogenic and those from sapro- 
phytic sources. 

DISCUSSION 

Previous work (1) has shown that hemoljdiic streptococci may be 
divided into three groups on the basis of differences in the final 
hydrogen ion concentration and in sensitivity to methylene blue. The 
data in this paper shows that the non-hemolytic streptococci cannot 
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be similarly differentiated by these reactions. The cultures from 
human source with one exception, attain a final hydrogen ion concen- 
tration comparable to that of the strains isolated from milk and from 
cows udders. These results are in agreement with the observations of 
Ayers, Johnson and Davis (2) who found that 95% of the non- 
hemolytic streptococci from feces and udders of cows had the same 
range of final hydrogen ion concentration (pH 5. 0-4.5) as had strains 
from human infection. Moreover, differences in sensitivity to 
methylene blue of the non-hemolytic strains of saprophytic and 
parasitic origin are not sufficiently marked to be of differential value. 
It has been observed by many investigators that the saproph}'tic group 
of lactic acid streptococci {Strep, lactlcus) which predominate in many 
dairy products, are in general characterized by a marked capacity to 
reduce dyes. The reducing capacity of strains from saprophytic 
sources previously reported (1) for hemolytic streptococci is also 
evident among the non-hemolytic streptococci. However, the lack of 
correlation between acid production and sensitivity to methylene 
blue among the non-hemolytic streptococci is in striking contrast to 
the definite relationship found within the hemolytic group. In tliis 
connection it is interesting to note that Ayers and Rupp (3), b)'' means 
of the hydrolysis of sodium hippurate were able to distinguish hem- 
olytic streptococci isolated from the udders of cows from those 
derived from human sources. But, when the same test was applied to 
the non-hemolytic streptococci, they found a number of strains from 
the udder which did not produce the Itydrolysis typical of the hem- 
olytic variety from this source. 

This lack of uniformity in the biochemical reactions of the non- 
hemolytic streptococci is also apparent in the lack of specific rela- 
tionships demonstrated by immunological methods. Kinsella and 
Swift (4) found that the non-hemolytic streptococci are antigenically 
heterologous. On the other hand the hemolytic group from human 
sources has been shown by several investigators (5, 6) to consist of 
types defined by a considerable degree of immunological specificity. 

The results of the present investigation support the view that in 
their biochemical reactions as in their serological behavior the non- 
hemolytic streptococci are a more heterologous group than are the 
hemolytic streptococci. 
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SUMMARY 

The results of the present study may be briefly summarized as 
follows. Acid production and sensitivity to methylene blue of 55 
strains of methemoglobin-forming streptococci from various sources 
were studied to determine whether it is possible on the basis of these 
reactions to differentiate strains of human, bovine, and dairy origin. 

Twelve strains were isolated from human infections, 6 from bovine 
mastitis, and 37 from dairy products. The final hydrogen ion concen- 
trations of aU cultures in dextrose broth regardless of the sources 
from which the strains originated, covered the range pH 5.2 to 4.1. 
There appeared, therefore, to be no correlation between the amoimt 
of acid produced by a given strain and the source from which it was 
originally derived. Low acid production, a characteristic of hemolytic 
streptococci of the human type, was not a distinguishing mark of the 
green producing organisms from human infection, and high acid 
production was not limited to strains from bovine and dairy sources. 

Differences between saprophytic and parasitic strains in their 
sensitivity to methylene blue in milk were not so sharply defined as 
were those previously demonstrated for the hemol 5 riic streptococci. 
Of 18 strains of hmnan and bovine infections, 14 showed neither 
reduction nor growth in the presence of a 1.5000 concentration of 
methylene blue. Of the 38 strains from dairy products 32 reduced 
the dye and grew in this concentration. 

The results with the non-hemolytic streptococci indicate that the 
saprophytic strains have a greater tolerance for the dye than have the 
strains of parasiticorigin. 

The significance of these results in the differentiation of streptococci 
of human, bovine and dairy origin is discussed. 
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STUDIES ON YELLOW FEVER IN SOUTH AMERICA 

rV. Transmissiok Experiments wsxn Aedes aegypti 

By nelson C. DAVIS, M.D., and RAYMOND C. SHANNON 

(From the Yellow Fever Laboratory of the International Health Division of the 
Rockefeller Foundation, Bahia, Brazil) 

(Received for publication, September 3, 1929) 

During the first few months following the estabhshment of Brazilian 
strains of yellow fever virus in this laboratory a great many attempts 
were made to transmit the infection with A edes (Stegomyia) aegypH, 
which had previously engorged on rhesus monkeys in the early febrile 
stage of the disease. Recently it has been found more practicable to 
maintain the strains by transfer of fresh or dried blood and tissues 
containing virus. 

Siiccessfttl Transmission by Mosquiloes 

In Table I are listed eighteen fatal infections produced in monkeys 
by bites or injection of mosquitoes, or by a combination of the two 
procedures. Fifteen of these infections were due to Brazilian strains 
and three to the Asibi, or African, strain. In Table H the fifteen fatal 
infections are briefly compared with seventeen non-fatal infections due 
to the Brazilian strains. 

The average maximiun temperature was slightly higher in fatal 
infections and the incubation period was usually shorter. However, 
among non-fatal cases the incubation period varied a great deal, i.e., 
from less than twenty-four hours to fifteen days. In three instances 
fever appeared on the day following the infective feeding. These 
early fevers were due twice to the F. W. strain and once to the S. R. 
strain of virus. Stokes, Bauer and Hudson (1) give examples of mon- 
keys showing fever the day after they were fed upon by mosquitoes. 
The first rise in temperature to 104r°F. occurred once on the ninth day, 
once on the tenth day, once on the fourteenth day and once on the 
fifteenth day. Three of these four cases with rather prolonged incu- 
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STUDIES ON SOUTH AMERICAN YELLOW EE\ER. IV 


bation time were proved to be yellow fever by successful transfer of 
blood or by infecting mosquitoes at the time of the febrile access. 
It is presumed that the fourth case of fever (fourteen days’ incubation) 
was also specific because the mosquitoes used had previously trans- 
mitted the infection and because suggestive lesions were found at 
autopsy a few days after the attack, hlarchoux, Salimbeni and 
Simond (2) record an experiment in which a human subject showed 
fever for the first time on the thirteenth day following inoculation. 

Production of Immunity without Symptoms of Disease 

From October, 1928, to February, 1929, forty-seven transmission 
experiments were attempted with lots of mosquitoes which were 


TABLE n 

Comparison of Fatal and Non-Fatal Infectious. Brazilian Strains Only 



Total cases 

i 

Average 

incubation 

period* 

Average 

febrile 

period 

Days** 

Average 

ma.Timum 

tempera- 

ture 

Average 
number days 
from begin- 
ning experi- 
ment to 
death of 
monkey 

Fatal 

15 

3.6 

3.0 

105.4 

7.1 

Non-fatal 

17 

1 

5.3 

3.5 

104.9 








*Days from application of mosquitoes to first fever. 

** A temperature of 104,0 has been accepted as indicating fever. 


thought to be infected. Most of these lots were originall}’’ fed on 
monkeys on the first day of fever, a few were fed on the second day. 
In many instances two or more batches were used on the same animal. 
From this total are excluded experiments which utilized mosquitoes 
fed by Dr. Bauer on infected monkeys in Rio de Janeiro, mosquitoes 
fed on doubtfully infected rhesus monkeys in Bahia, and mosquitoes 
fed on native Brazilian monkeys. Only twenty -three, or 48.9 per cent, 
of the experiments were successful. 

During this same period forty-nine direct transfers of blood were 
made from monkeys with fever to normal monkeys. Three times the 
inoculation was made on the second day of fever and three times on 
the third day; in the other forty-three instances it was made on the 
first day. In nine of the latter experiments, however, another transfer 
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was made on the second or third day from the same donor. The series , 
does not include the inoculation of fresh bloods from multiple sources, 
or the inoculation of dried blood or of tissues. Forty, or 81.6 per cent, 
of the experiments were considered positive. Nearly all of these 
transmissions were carried out with Brazilian strains of relatively low 
virulence. Four of the nine negative results were with the F. W. 
strain of virus which has always acted erratically. 

There was a considerable discrepancy between the number of posi- 
tive mosquito transmissions and the number expected, as judged by 
direct inoculation of blood. The animals which failed to react to 
mosquito bites were tested for immimity by the direct inoculation of 
blood or tissues containing virus. In every case where the mosquitoes 
were fed in the first instance oh an animal known to have been in- 
fected, the monkeys bitten subsequently showed some degree of im- 
mimity. This refers only to transmission experiments with the 
“yellow fever mosquito,” Aedes aegypli; other species of mosquitoes 
will be considered in later publications. 

Table III summarizes the testing of thirteen animals which showed 
no fever from mosquito bites. In some cases the immunity test 
caused a febrile reaction. M. rhesus No. B 15 was fed upon by mos- 
quitoes which had previously engorged on a Cehis monkey; the tem- 
perature following the immunity test rose once to 104:°F. Besides 
the cases given in Table III, the records show fifteen other experiments 
with failure to produce fever in which the first host for the mosquitoes 
was a rhesus monkey, also a number involving Brazilian monkeys. 
Unfortunately, in many of these experiments the test virus was w'eak 
and results are correspondingly less convincing. 

To the list in Table III might well be added an experiment on No. D 1. 

This monkey had been fed upon by certain mosquitoes and inoculated with others, 
all from batches infected with F. W. strain of virus. On the initial day the tem- 
perature was 103 .9° ; on the following day it was 103.8° ; on the fourth and fifth days 
it rose to 104° hut it never went above this. The rise w'as slight, but possibly 
significant. On the sixteenth day the animal received a test dose of virus. Simi- 
lar doses of this virus killed the control and eight other animals. On the day of 
the test inoculation, No. D 1 had a temperature of 103.4°. The highest tem- 
perature noted during the obser\'ation period of the immuni ty test was 103.7°, 
on the eighth day. There are other records similar to that of No. D 1 w'hich 
have been e.xcluded from consideration because of the empirical rule that a tem- 
perature of 104°F. indicates fever. 
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800 STUDIES ON SOUTH AMERICAN YELLOW FEVER. IV 

Certain lots of mosquitoes have produced fatal yellow fever in one 
monkey and no febrile reaction in a second. For example, mosquito 
batch No. 22, infected from rhesus No. D 2, later caused the death of 
rhesus No. D 3, but no fever in No. D 4. Without the isolation of 
individual mosquitoes it is impossible to say whether all of the insects 
wliich fed on the first animal also fed on the second, although the 
majority of the batch engorged on each occasion. 

DISCUSSION 

The foregoing observations show that batches of mosquitoes, even 
if certainly known to carry the 3’^ellow fever virus, do not necessarily 
cause frank manifestations of disease in every animal upon which they 
feed. Undoubtedl}’', some of the 'monkeys which fail to react are 
naturally immune, but our experience with direct transfers of blood 
and tissues proves that such animals account for onlj’- a part of the 
total failure in mosquito transmission. 

It has been shown that the animals which do not show febrile 
reactions following the bites of infected mosquitoes are, nevertheless, 
resistant to further inoculations. It would seem that the animals are 
immunized by subinfective doses of virus, with or without a slight rise 
in temperature. Lnmunization wdthout obvious yeUow fever con- 
forms with Finlay’s (3) theories of protection and harmonizes Avitli 
present views of sub-clinical immimization in other infections. In our 
experiments every lot of mosquitoes had presumably reached the in- 
fective stage before biting was permitted. 

We have observed lots of mosquitoes to become infective when the 
fever in the host was slight and of short duration. Fatal infections 
arose from the bites of mosquitoes fed on animals with severe, al- 
though not necessarily fatal infections; and mild reactions or immu- 
nity without manifest disease followed the bites of mosquitoes fed on 
animals with either mild or severe infections. 

If it be permissible to use these experiments performed upon mon- 
keys to help elucidate certain factors in the epidemiology of yellow 
fever in man, we have a possible explanation for (1) widespread im- 
munity or partial unmunity in a native population where frank cases 
of yellow fever are rare, and (2) the presence of recognized sporadic 
cases where preceding cases of the disease cannot be traced. It is 
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suggested that in nature infected mosquitoes may establish i mm unity, 
or renew immunity, in several individuals for every one in which a 
frank attack of yellow fever is produced. 

A history of the strains of virus mentioned in this paper has been 
given in a previous publication (4). 

SUMMARY 

1. Batches of Aedes (Slegomyia) aegypli which had fed on monkeys 
in the early febrile stage of yeUow fever and which has subsequently 
passed the usually accepted extrinsic incubation period for the virus, 
failed to transmit the disease to normal monkeys in approximately 
fifty per cent of the experiments. During the same time over eighty 
per cent of blood transfers were successful. 

2. The monkeys which failed to show fever following mosquito 
bites later proved resistant to the inoculation of blood or tissues con- 
taining virus. 

3. The incubation, or afebrile, period in monkeys- following the bites 
of infected mosquitoes varied from less than tn'enty-four hours to 
fifteen days. It averaged somewhat longer in non-fatal than in 
fatal infections. 
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STUDIES ON YELLOW FEVER IN SOUTH AMERICA 


V. Transmission Experiments with Certain Species op Culex 

AND Aedes 

By nelson C. DA\’1S, M.D., axd RAYMOND C. SHANNON 

{From the Yellow Fever Laboratory of the International Health Division of the 
Rockefeller Foundation, Bahia, Brazil) 

(Received for publication, September 3, 1929) 

Bauer (1) has reported the transmission of yellow fever virus by 
several species of African mosquitoes, aU but one of which belong to the 
genus Aedes. The Western Hemisphere contains no close relatives of 
the “yellow fever mosquito,” Aedes (Stegojnyia) aegypti, but we have 
recently conducted experiments with a number of species belonging 
to other groups, which are common in the American tropics, in order to 
determine whether any of these were capable of transmitting the virus. 

The common house mosquito of the tropics and subtropics, Culex 
quiuqtiefasciaius (C. fatigans), has engaged the attention of yellow 
fever workers as a possible transmitter, but no positive evidence has 
ever been adduced against it. Both The American Yellow Fever 
Commission (2) m Cuba and the French Commission (3) in Rio de 
Janeiro obtained negative results in experiments with this species. 
The French Commission also carried out one experiment with Aedes 
(OcMerotatus) scapularis (called by them Culex conjirmahis) and one 
with a Culex of tmcertain species, both without success. The experi- 
ments of these two commissions were all upon human volimteers. 

RESULTS OF EXPERIMENTS 

Utilizing as an experimental animal Macaciis rhesus, we have car- 
ried out a number of feeding and inoculation experiments with South 
American mosquitoes. The accompanying table summarizes the 
results with Culex qtiiuquefasciatus, Aedes (Ochlerotaius) scapularis, 
Aedes {Ochlerotaius) serraius and Aedes (Taemorhynchus) laenior- 
hyuchus. 
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No certain transmission was secured either by the bites or by the 
inoculation of Culex, although two of the experimental monkeys 
showed slight fever. It would appear, however, that in three of the 
experiments (rhesus Nos. A 1, A 2 and A 6) a low grade of immunity 
was produced. This was more noticeable in the cases of rhesus Nos. 
A 1 and A 2, in which Culex batch No. 106 was used. One can only 
conjecture whether attenuated virus actually survived in this species. 

With Aedes scapidaris the results were different. M. rhesus No . A 8 
died after being bitten by, and inoculated with, the ground up bodies of 
this species. 

The lot used was a combination of lots fed on four different infected rhesus 
monkeys between December 10 and 14, 1928. On January 2 and 3, 1929, the 
mosquitoes were allowed to feed on rhesus No. A 7. On January 7 six of the batch 
engorged on rhesus No. A 8. On January 9 the sixty-two remaining mosquitoes 
of the lot were ground up in salt solution and inoculated subcutaneously into the 
same animal. On January 13 the monkey’s temperature rose to 105.0°F. and 
continued high for three days; on January 16 the animal died and the gross and 
microscopic lesions were typical of yellow fever. 

Bites of scapidaris lot No. 130 were sufficient to produce fatal yellow fever in 
rhesus No. All. The lot received its infective blood meal from rhesus No. B 10 
on February 14, 1929. On February 27 about twelve of the mosquitoes engorged 
on rhesus No. A 11. On the fourth day following, March 3, the animal had a 
temperature of 105.2°F. On March 5, the temperature dropped to 98° and the 
monkey was killed when moribund. The gross and microscopic lesions were typi- 
cal of yellow fever. 

M. rhesus No. A 10 had a definite febrile attack following the inoculation of 
scapidaris of batch No. 129. 

Animals Nos. A 7, A 9 and A 12 developed a high degree of immunity from the 
bites of Aedes scapidaris, without having shown any preceding fever. Such im- 
munity without manifest disease has been shown to follow frequently the bites of 
infected .4 eder aegypti (4). 

Only one lot of A cdes serratus was used. Eight of these mosquitoes 
fed upon rhesus No. A 13 after an extrinsic incubation period of 
twenty- two days. No fever resulted and the animal later succumbed 
to the immunity test. The inoculation of thirteen of this lot on the 
thirty-first day after the infective blood meal produced a fatal attack 
of yellow fever in rhesus No. A 14, It is e\ddent that in this particular 
lot the virus did not enter the salivary glands, although it remained 
alive at some place in the boc^’- of the insects. 
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Two lots of A cdcs tacniorhynchiis Nos. 183 and 192 were used. One 
of the two animals fed upon by these insects survived the immunity 
test. Probably virus remained alive in the body of this species of 
mosquito also. 

Twenty-five lacmorltyuchus were inoculated subcutaneously into rhesus No. > 
A 17 on June 3, 1929. Twenty-four da 5 's had elapsed since the infective meal 
of batch No. 183, and twenty days since that of batch No. 192. At the time of 
inoculation the temperature of rhesus No. A 17 was 103.4°; on June 4 it rose to 
104°; on June 5 it was 104.2°; and on June 6, 104° again; on June 7 it dropped by 
crisis to 101.8°. Thereafter it ranged between 102.6° to 103.6.° The immunity 
test caused no reaction; the highest temperature during the observ'ation period 
was 103.5°. The control, rhesus No. B 5, which had been inoculated with the same 
virus as that used in tlie immunity test, had a t 3 T>{cal attack of j'^ellow fever and 
was killed on tlie fifth daj' when moribund. Autopsy findings were t 3 'pical of the 
disease. 

Lots of A cdcs {Ochleroiatus) hastaiiis were on several occasions given 
an opportunity to feed, but none were ever observed to take blood. 

Habits of the Species of Mosquitoes Used for Experimentation 

Culcx quinqucfasciatus breeds in domestic and peridomestic locations, usually 
in artificial receptacles, and by preference in water containing mucli decomposing 
organic material. The females feed onl 3 ’’ at night, but during the da 3 '^time adults 
of both sexes may frequently be found resting in bedrooms, closets, toilets and 
lavatories. In spite of the prevalence of the species and the ease witli which it is 
reared, we were able to use onl 3 ’' a few specimens in each experiment because the 
females showed no great avidit 3 '- for monkc 3 ’- blood. Our method was to anesthetize 
the monke 3 's with amytal, place them in tlie mosquito cages at about five o’clock 
in the afternoon and leave them for three to four hours exposed to mosquito bites. 

It is quite possible that if the animals had been left witli the mosquitoes all night, ^ 
better results might have been secured. 

A cdcs scapithris is wideb’’ distributed from tlie West Indies through Columbia, 
Venezuela, the Guianas, Brazil, Bolivia and Nortliern Argentina. It breeds in 
temporar 3 ’' rainpools both in rural areas and in urban districts. In shaded locali- 
ties it will attack man or animal at an 5 ’- hour of the da 3 '’ and will even pursue its 
victim into the sunlight. It attacks in greatest numbers at dusk. Altliough not 
truly domestic it freeb’- invades yards and gardens and will occasionalb" enter 
houses to secure blood. Upon rare occasions it has been seen resting indoors dur- 
ing the da 3 'time. It was found to feed readib'" on mon!ce 3 's, but the adults did not 
survive as long in confinement as did specimens of A cdcs aegypti. 

Acdcsscrralus is ionnd in Me.xico, Central America, northern South America and 
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Brazil (5). It breeds in temporary rainpools. In this section of the country we 
have seen it only in rural and sylvan localities-, it appears to be much less ubi- 
quitous than scaptdaris. In nature it feeds by preference in the 'evenmg, but in 
the laboratory it engorged on monkeys at various hours of the day. 

Specimens wHch resemble quite dosely the Central American Aedcs hasiakts 
were bred out from rainpools occurring in the same neighborhood where serrakts 
was found. The adults appear smaller and more delicate than either scaptdaris 
or serrakts. In spite of repeated opportunities to feed during daylight hours they 
were never observed to take blood in the laboratorj'. It is possible that in nature 
they feed at night or upon some particular host only. We have not found them in 
collections made when using animal bait. 

Aides taeniorhyiichtis is the prevalent salt marsh mosquito of the South Atlantic 
and Gulf Coast states of theUnited States of America. It extends south through 
Mexico and Central America to Peru on the west coast and to Brazil on the east 
coast of South America. Dyar (5) in his recent book does not include Brazil in the 
distribution of the species. Peiyassu (6) records it, under the name Culicelsa 
taeniorhynchus from Para, state of Rio de Janeiro, and the Federal District in 
Brazil. The French Commission (3) while in Rio de Janeiro kept specimens of 
“Ctdex iaeniorhynchtis”in captivity to observe thelength of life and thefeeding and 
egg-laying habits, but carried out no transmission experiments with them. Dur- 
ing the month of April, 1929, the species was found breeding in crab-holes along 
the edge of the bay and also in rock-pook along the shore, in the citj' of Bahia. 
The crab-holes were above the level of high tide and appeared to contain only 
fresh water, probably largely rain-water. In the same month we received speci- 
mens of taeniorhynchus from Aracaju in the state of Sergipe and heard later that 
the species had been found in Alagoas. This mosquito is a vicious biter but for- 
tunately has a rather limited breeding season. 

DISCUSSION 

Our experiments show that Aedes scapularis is capable of trans- 
mitting yellow fever by its bite. Whether it ever becomes a factor 
in the dissemination of the disease is not known. Its feeding habits 
do not preclude this possibility, because many yellow fever patients 
are not bedridden at first and may expose themselves to the bites of 
mosquitoes outdoors, and also because the insect at times enters 
houses in search of blood. 

The tests have shown that yellow fever virus may survive for some 
time in the bodies of Aedts serrakts, and probably also in A edes taoiio- 
rhyuchits , but whether these species ever become capable of trans- 
mitting the virus by their bites is not yet known. By mashing an in- 
fected mosquito on the skin a person might conceivably become 
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infected. The biting habits of Acdcs tacniorhynchus are such as to 
bring it under suspicion during the season of maxhnum prevalence if 
3 'ellow fever is present in the vicinity. 

There is no evidence that Cvlcx quinqucfascialus is able to transmit 
the disease in a recognizable form. However, in certain animals an 
apparent immunity to jmllow fever was found to have developed 
subsequent to the bites of this species. We do not wish to over- 
emphasize this point, because the experiments were not as clear-cut 
as might be desired. 


SUMMARY AND CONCLUSIONS 

1. Yellow fever virus has been transmitted from monkey to monkey 
both by the bites oi Acdcs {Ochlcrotatus) scapularis which had fed upon 
monlceys infected with yellow fever and by the injection of the ground 
up bodies of such mosquitoes. 

2. A fatal infection has been obtained by the injection of the ground 
up bodies of Acdcs {Ochlcrotatus) scrratus, which had previously fed on 
an infected monkey, and a mild infection has been secured by the 
similar injection oi Acdcs {Tacniorhynchus) tacniorhynchus. 

3. No definite infection has been secured either by the bites or b)-- the 
injection of Culex quinqucfasciatus {C. fatigans). However, some of 
the experimental animals bitten by this species have been relatively 
immune following inoculations of blood or tissues containing virus. 
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Of all the reactions of immunity the precipitin test is perhaps the 
most dramatic and striking. VTule other immune reactions are more 
delicate, the precipitin test is among the most specific and least subject 
to errors and technical difficulties. Attempts at its quantitative 
interpretation and explanation (1,2) have been hampered either by the 
difficulty of finding suitable anal3rtical methodst or by the failure 
to separate the reacting substances from closely related, non-specific 
materials with which they are normally associated. 

With the aid of recent work it has been formd possible to avoid these 
difficulties to some extent. The isolation of bacterial polysaccharides 
which precipitate antisera specifically (3) and possess the properties of 
haptens (4) has not only afforded one of the components of a precipitin 
reaction in a state of comparative purity, but has greatly simplified 
the analytical problem. Since many of these polysaccharides contain 
no nitrogen, and antibodies presiunably are nitrogenous, the latter 
may be determined in the presence of any amoimt of the specific 
carbohydrate. Moreover, Felton’s method for the separation of 
pnemnococcus antibodies from horse serum (5) not only permits the 
isolation of a high proportion of the precipitin, freed from at least 90 
per cent of the serum proteins and much of the senim lipoid, but is 
also applicable on a sufficiently large scale to furnish the amoimts of 
antibody solution needed to make quantitative work possible. It is 
realized that antibody solutions of this tjq)e do not contain pure 

* The work reported in this paper was made possible by the Harkness Research 
Fund of the Presbyterian Hospital, New York. 

t Ingeniously solved by Wu over much of the reaction range. 
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antibodies — indeed, only 40 to 50 per cent of the nitrogen is specifically 
precipitable — but since so small a proportion of the original serum 
protein remains with the antibod)’’ a far-readiing purification actually 
has been effected. It should thus be possible with the aid of antibodies 
purified by Felton’s method to obtain data of a preliminary character 
which should point toward the mechanism of the reaction. The 
present paper is concerned with such data obtained in a quantitative 
study of the precipitin reaction between the soluble specific substance 
of Type III pneumococcus and T}q)e III pneumococcus antibody 
solution. 


EXPERIMENTAL 

1. Maicriah and Methods. — a. Solutions of Sohibic Specific Substance, Type HI 
Pneumococcus. — The soluble specific substance of Tj^pe III pneumococcus (6)* 
used was kindly supplied by Drs. O. T. Aver)’’ and W. F. Goebel of The Rockefeller 
Institute for Medical Research. It was ash-free, contained 0.04 per cent of 
nitrogen, and showed [ot]o = -32°. A weighed amount of anhydrous substance 
was suspended in 0.9 per cent saline, dissolved with the aid of 0,1 normal sodium 
hydroxide, and the solution was diluted with saline, adjusted to pH 7.6 and made 
up to volume with saline to yield a 1 per cent solution. This was sterilized in the 
autoclave and used as a stock solution for making up other dilutions. These were 
prepared with sterile saline under aseptic precautions, and were kept in tlie ice- 
box. 

b. Type III Pneumococcus Antibody Solution. — The antibody solutions used 
were prepared essentially according to Felton’s procedure {loc. cit.) from Type 
III antipneumococcus horse serum containing no preservative and supplied by the 
New York State Department of Health through the courtesy of Dr. A. B. Wads- 
worth and Dr. Mary B. Kirkbride. 100 to 200 cc. of serum were stirred slowly 
into 20 volumes of ice-cold water containing 9.5 cc. of molar potassium dihydrogen 
phosphate and 0.5 cc. of molar dipotassium hydrogen phosphate per liter. The 
final pH varied from 5.6 to 6.3. After standing over night in the cold the super- 
natant was decanted and the precipitate was centrifuged off in the coldf and 
dissolved in a volume of cliilled 0.9 per cent saline equal to that of the serum taken. 
0.1 normal hydrochloric acid was then added until a precipitate no longer formed 
on dilution of a test portion with two volumes of water, after which 0.1 normal 
sodium hydro.xide solution was added until a slight precipitate again formed on 
dilution. In general, 5 cc. of acid and 1 .5 cc. of alkali per 100 cc. of serum were satis- 


* Subsequently referred to as SSS III. 

t An International Equipment Co. refrigerating centrifuge with external brine 
coils was used throughout the work. 
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factorj', although as Felton emphasizes, difierent lots vary and no absolutely 
definite procedure can be given. In the present -work the process of purification 
was followed either by testing the agglutinating power of the fractions against a 
heat-kihed Type HI pneumococcus vaccine, or by the precipitin reaction, or by 
both methods. After addition of the alkali the opalescent solution was diluted 
with 2 volumes of water and centrifuged in the cold. The almost inactive pre- 
cipitate was discarded and the supernatant poured into 6.7 volumes of the chilled 
huger solution previously used, (equivalent to 20 times the volume of saline em- 
ployed), also adding enough 0.1 normal sodium hydroxide to neutralize the re- 
maining acid. The residting precipitate was collected and dissolved in a volume 
of 0.9 per cent saline equal to that of the serum taken, and the pH was adjusted 
to 7.6. The solution was sterilized by passage through a Berkefeld N grade filter 
which previously had been washed with saline containing a drop of normal sodium 
hydroxide, followed by saline alone. 

Antibody solutions prepared in this way were found to be rather unstable under 
the usual conditions of the precipitin test, and it therefore was necessary to subject 
them to a preliminary “ageing” treatment in order that control solutions might be 
relied upon to remain clear. This consisted in immersing the solution in a water 
bath at 37° for 2 hours, letting stand in the ice-box over night, centrifuging ofi the 
precipitate which usually formed, readjusting the pH if necessary, and filtering 
through a Berkefeld candle prepared as above. This treatment was repeated as 
many times as necessary, but the solutions usually remained clear after the second 
incubation at 37°. Much time was lost and very inconstant results were obtained 
until “ageing” was resorted to.* 

The relative antibody content of the resulting solutions was estimated by 
determining the agglutination titer against a single heat-killed Type HI pneumo- 
coccus suspension. 

It -will be seen from Table I that the agglutination titer and the 
maximum amount of protein precipitable by the type III polysac- 
charide ([total N — N in supernatant] X 6.25) are approximately 
proportional. The latter may therefore be taken as a more definite, 
though not necessarily more accurate, measure of the actual antibody 
content of the solutions. 

It is also evident that the antibody in all of these solutions has been 
purified to approximately the same extent, since the ratios of protein 
precipitable by SSS III to total protein are not very different. 

* For facilities and assistance given up to this point one of us (M. H.) wishes to 
express his gratitude to the Mount Sinai Hospital of New York and to Dr. Dawd 
J. Cohn of that institution. 
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c. Aiialyiical Procedure.- — Sterile calibrated pipettes were used for all measure- 
ments and the greatest care was taken to keep the solutions sterile throughout the 
experiments. 

5 cc. portions of the “aged” antibod}'- solution were pipetted into IS cc. r 3 'rc.T 
centrifuge tubes. Solutions of SSS III of the required concentrations were 
added and the volume was made up to 10 cc. with 0.9 per cent salt solution. A 
blank containing 5 cc. of antibody and 5 cc. of saline was set up at the same time. 
The contents of the tubes were thorough!}' mixed as quickly as possible. The 
mixtures were then incubated for 2 hours at 37°C. and allowed to stand over night 
in the ice-bo.x. The precipitate was centrifuged off in the cold and duplicate 2 cc. 
samples of tire supernatant were analyzed for nitrogen, using the Pregl micro- 
Kicldahl metliod with n/70 acid and alkali. The amount of nitrogen in tlie 
precipitate was calculated as tlic difference between the nitrogen in the blank and 
nitrogen in the supernatant, and was multiplied by 6.25 to give the protein pre- 


TABLE I 

Agglutination Titer and Specifically Prccipitable Protein of Antibody Solutions 


Solution 

Total protein 

Specifically 

prccipitable 

protein 

Sp.pptblc. protein 

Agglutination 

titer 

Ratio 

Titer 

Total protein 

Sp.pptblc. protein 


ms. per cc. 

ms. per cc. 

per cent 



BII 

4.9 

2.3 

47 

l.-75(dr) 

33 

Bill 

7.1 

3.2 

45 

1:100 

31 

BIV 

4.8 

1.9 

40 

1:60 (±) 

32 

BV,v 

14.0 

5.5 

39 

1:200 (±) 

36 

B VI 

32.5 



1:400 


B VII 

16.5 

7.6 

46 

1:240 

32 


cipitated. The supernatant was tested for both SSS III and antibody by adding 
0.5 cc. 1 ; 20,000 SSS III and 0.5 cc. antibody solution to separate 0.5 cc. samples 
of the supernatant. 

The results are summarized in Table II. 

The ratios found in Table II are quite uniform over the fairly wide 
range of protein concentration from 7.1 to 16.5 mg. per cubic centi- 
meter of antibody solution.* Table III shows that at lower concen- 
trations of protein (and antibody) a given weight of SSS III precipi- 
tates somewhat less protein. Very irregular results were obtained 
with Solution B VI, which was made up only to one-half the original 
serum volume, and contained 32.5 mg. of protein per cubic centimeter. 

* Preliminary data indicate that the effect of variations in pH is small within 
the range likely to be encountered in the precipitin reaction. 
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TABLE n 


Summary of Analytical Data 


Antibody 

solution 

sssra 

Nitrogen 

Protein 

pTcdpitated 

I 

O 

£ 

P 

Ul 

tn 

OQ 

3 

Substance in 
excess 

In blank 

lo 

supernatant 

In precipi- 
Uteby 
difference 


tnx. 


mu 

mi. 

mi. 




Bin 

0 

5.79 

( S .7?) 

— 

— 





0.05 

5.79 

A. 19 

1.00 

6.25 

125 

Antibody 


0.10 

5.79 

4.09 

1.70 

10.63 

106 

(( 


0 

5.67 

(5.67) 

— 

— 

- 

- 



0.15 

5.67 

3.71 

1.96 

12.24 

82 

(C 


0.20 

5.67 

3.45 

2.22 

13.88 

69 

Both 


0.25 

5.67 

3.50 

2.17 

i 3.56 

- 


sssra 


, 0 

5.73 

(5.73) 

— 

— 





0.40 

5.73 

3.26 

2.47 

15.44 

- 

- 

(( 


0.60 

5.73 

3.19 

2.54 

15.88 

— 

- 

« 


1.00 

5.73 

3.19 

2.54 

15.88 

- 

- 

(C 


2.00 

5.73 

3.23 

2.50 

15.63 

— 

- 



5.00 

5.73 

3.36 

2.37 

14.81 


- 



0 

5.67 

(5.67) 

— 

— 


- 



5.00 

5.67 

3.46 

2.21 

13.81 

— 

- 



20.00 

5.67 

4.47 

1.20 

7.50 

— 

- 



50.00 

5.67 

5.83 

No ppt. 

— 


- 


BV* 

0 

11.22 

(11.22) 









0.05 

11.22 

10.24 

0.98 

6.12 

122 

Antibody 


0.10 

11.22 

9.39 

1.83 

11.44 

114 



0.20 

11.22 

8.08 

3.14 

19.63 

98 

“ 


0.25 

11.22 

7.64 

3.58 

22.38 

90 

“ 


0.30 

11.22 

7.14 

4.08 

25.50 

85 

Both 


0.50 

11.22 

6.90 

4.32 

26.99 

54 

(C 


1.00 

11.22 

7.05 

4.17 

26.06 

__ 


sssra 


2.00 

11.22 

7.13 

4.09 

25.56 



« 


5.00 

11.22 

7.09 

4.13 

25.81 





0.50 

11.35 

6.97 

4.38 

27.38 





10.00 

11.35 

7.89 

3.46 

21.63 





20.00 

11.35 

8.40 

2.95 

18.44 





25.00 

11.35 

8.90 

2.45 

15.31 





30.00 

11.35 

9.28 

2.07 

12.94 





40.00 

11.35 

11.15 

0.20 

1.25 

- 



B Vb 

0.00 

10.21 

(10.21) 

_ 






0.05 

10.21 

8.77 

1.44 

9.00 

180.0 

Antibody 


0.10 

10.21 

8.09 

2.12 

13.24 

132.4 

it 


0.20 

10.21 

6.96 

3.25 

20.32 

101.6 

<( 


0.00 

10.40 

(10.40) 

— 


- 
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TABLE II — Concluded 


Summary of Analytical Data 


Antibody 

solution 

SSS HI ! 

Nitrogen 

Protein 

precipitated 

i 

si 

(i<i 

c 

A 

s 

in 

lO 

1/3 

5 

i 

>< 

SubstAQcc in 
excess 

In blank 

In 

supernatant 

In precipi- 
tate by 
dillctcncc 

B Vn 


ms. 

ms. 

ms. 

ms* 





0.50 

10.40 

5.72 

4.68 

29.25 


- 

SSS ni 


10.00 

10.40 ' 

6.56 

3.84 

23.95 

— 

- 

(( 


20.00 

10.40 

7.64 

2.76 

17.25 


- 

(( 


30.00 

10.40 , 

9.00 

1.40 

S.75 

— 


it 


40.00 

10.40 

9.80 ; 

0.60 

3.75 

— 

- 

t( 


50.00 

10.40 

10.13 

0.27 

1.69 

- 

- 

tt 

B VII 

0.00 

13.22 

(13.22) 

_ 




i 

1 



0.05 

13.22 

12.27 

0.95 

5.94 

119 

Antibody 


0.25 

13.22 

8.58 

4.64 

29.00 

116 

It 


0.50 

13.22 

7.11 

6.11 

38.19 

76 

Both 


0.80 

13.22 

7.11 

6.11 

38.19 

— 

- 

sssni 


1.00 

13.22 

7.13 

6.09 

38.06 

— 

- 

ft 

B \TII* 

0.00 

9.40 

(9.40) 







0.05 

9.40 

8.39 

1.01 

6.31 

126 

Antibody 


0.10 

9.40 

i 7.62 

1.78 

11.13 

111 

« 


0.15 

9.40 

6.66 

2.74 

17.13 

114 

it 

j 

0.20 

9.40 

6.24 

3.16 

19.75 

99 

Both 

1 

0.25 

9.40 

6.02 

3.38 

21.13 

85 

CC 


*pH 7.1. 


2, Combination of High Ratio Precipitate with Additional SSS III . — 

ill 

5 cc. of antibody Solution B VII, 1 cc. of 1 : 20,000 SSS III, and 4 cc. of 0.9 
per cent saline were mixed and allowed to react as in the preceding experiments 
(Tube A) . On the next day the mixture was centrifuged in the cold, yielding 0.2 
cc. of precipitate. Since this contained only about 6 mg. of protein (see Table II) 
its bulk was composed mainly of entrained supernatant. The supernatant liquid 
was carefull}’’ drained off and 0.2 cc. added to another 15 cc. centrifuge tube (check 
tube). To each of the tubes 1 cc. of the 1 : 20,000 SSS III solution was added, the 
volumes were adjusted to 10 cc. with saline, and the mixtures were shaken mechan- 
ically at room temperature for 2 hours and allowed to stand over night in the ice- 
box (Tubes A' and B'). In order to determine whether any effect observed 
might be due to adsorption rather than to chemical combination, the precipitate 
from a quantitatively similar Tjqje I pneumococcus antibody-specific substance 
experiment was treated in the same way with 1 cc. of the Tj'pe III SSS solution 
(Tube C') . The tubes were centrifuged in the cold and 5 cc. from each were mixed 
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TABLE m 


Data on Dilute Antibody Solutions 


Antibody solution 

SSS 

Nitrogen 

Proton 

predpi- 

tatw 

.s 

'S 

o 

£ 

C/5 

'J5 

Substance in • 
excess 

In blan^b 

In super- 
natant 

In pre- 
cipitate 

.2 


mi. 

mi. 

mi. 


mi. 




BIV 


WEm 

(3.87) 

— 

— 





o.os 


3.19 

0.68 

4.25 

85 

Antibody 


0.10 

3.87 

2.78 

1.09 

6.81 

68 

tt 



3.87 

2.72 

1.15 

7.19 

72 

t{ 


O.IS 

3.87 

2.57 

1.30 

8.13 

54 

Both 


0.25 

3.87 

2.32 

1.55 

9.69 

- 

- 

sssm 


0.50 

3.87 

2.32 

1.55 

9.69 

- 

— 


BVa diluted (2 


3.90 

(3.90) 

— 

— 




cc. made up 

0.05 

3.90 

3.17 

0.73 

4.56 

91 

Antibody 

to 5 cc.) 

0.10 

3.90 

2.75 

1.15 

7.19 

72 

H 


0.15 

3.90 

2.51 

1.39 

8.69 

58 

Both 


with' 5 cc. of fresh B Vn antibody solution (Tubes A", B", and C"). Only a 
slight turbidity developed in the tube containing the supernatant which had been 
in contact with the high-ratio Type m specific precipitate, indicating that much 
of the second portion of SSS IH added had combined with the precipitate to 
yield an insoluble product of lower ratio of protein to carbohydrate. Tubes B" 
and C" yielded immediate precipitates. After 2 hours at 37° and letting stand 
over night in the ice-box the tubes were centrifuged in the cold and nitrogen was 
determined in the supernatants on 2 cc. aliquots. 




Nitrogen 


Protein in 
precipitate 


Tube 

In bUnb 

In 

superna- 

tant 

In 

1 precipi- 
tate 

, in precipitate 
(Proton 120)* 

5 cc. antibody B \T1 -f 5 cc. saline 

(A") 5 cc. B m -i- 5 cc. supernatant 
from Type III precipitate (Tube A'). 
(B'O 5 cc. B \T1 -f- 5 cc. supernatant 

mi. 

13.79 

mi. 

(13.79) 

mi. 

mi. 

mi. 

(13.79) 

13.58 

0.21 

1.31 

0.011 

from check tube (Tube B') 

5 cc. B \TI -i- 5 cc. supernatant 
from Tjpe I specific precipitate 

(13.79) 

13.26 

0.53 

3.31 

0.028 

(TubeC') 

(13.79) 

13.21 


3.62 

0.030 


* The rounded-ofi maximum value in Table II is taken, omitting B Vb. 
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Therefore in the three 10 cc. samples shaken as above with additional SSS III: 



SSS added 

SSS recovered 
above 

SSS combined 
with 

precipitate 


m. 


fn^. 

(A') Tj^pe III prcdpitilc 

0.05 

0.022 

0.028 

(B') Check tube 

O.OS 

0.056 

— 

(C') Tj'pe I precipitate 

0.05 

0.060 

— 


It is thus seen that only in the Type III tube did combination occur, 
and that a high-ratio Type III specific precipitate actually does 
combine with more SSS III under the conditions of the precipitin test. 

DISCUSSION 

For purposes of discussion it will be assumed with Felton {loc. cii.) 
that antibody is modified protein, and that, in order to provide a 
uniform method of measurement, it may be expressed as nitrogen 
precipitable by specific polysaccharide, multiplied by 6.25. Since 
only relative values are under consideration, the actual magnitude of 
the factor used is of little significance so long as it be used throughout. 
Moreover, Table I shows a correspondence between this measure of 
antibody content and the agglutination titer, so that its use as a rela- 
tive measure is independent of the nature of Type III pneumococcus 
antibodies. 

Now it has been shown amply that the reactions of proteins may be 
explained according to the laws of classical chemistry (7) and it also 
has been shown that the soluble specific substance of Type III pneumo- 
coccus is a salt of a highly ionized poly-aldobionic acid (8). It 
therefore would appear reasonable to test the experimental data by 
the law of mass action and thus to determine whether or not the 
precipitation of the hapten by its homologous antibody shows analo- 
gies to the behavior of simpler ionic reactions. 

It is evident from Table II that with constant amounts of an tibody and 
increasing amounts of Type III soluble specific substance the ratio of 
the two components in the specific precipitate changes from approxi- 
mately 120:1 at the smallest amount of precipitate which can be 
determined quantitatively with a fair degree of accurac3q to about 
60: 1 at the point of equilibrium, that is, at the point at which both 
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antibody and SSS are demonstrable in the supernatant * It there- 
fore would appear that a small amount of Type III polysaccharide in 
the presence of much antibody yields a precipitate of the composition 
120:1 (in mg.). This is capable of reacting further with increasing 
amounts of hapten (see Section.2) up to the point at which both com- 
ponents are in equilibrium in solution (cf. Table II, last column) when 
the composition of the precipitate is approximately 60:1. In other 
words, depending on the relative amounts of the reactants, the specific 
precipitate is a mixture of varying proportions of two compounds, or a 
whole series of compounds containing hapten and antibody in var 3 dng 
proportions, whose limits may be expressed as 


A-f AS... (120:1) (1) 

AS + S ^ AS,.. (60:1) (2) 


in which S and A are equivalent amounts of Type m specific substance 
and antibody, respectively, entering into reaction to form the com- 
pound of ratio 120:1. A more general expression would be nA -{- 
mS ^ AnSm and AnSm-{- mS ^ AnSsm, but is not used to avoid unneces- 
sary complication. 

Quantitative support is thus afforded for the contention of Fleisch- 
mann and Michaelis (lb) that the specific precipitate may contain the 
components in multiple proportions. Their objections to Arrhenius’ 
formulation of the precipitin reaction (la), which was based on the 
constant composition of the precipitate, are thus fully sustained. 

Equation 2 represents an actual equilibrium since a precipitate 
consisting largely of ASi gives up S when shaken with 0.9 per cent 
saline, the supernatant 3 delding a fresh precipitate when A is added. 
That AS can combine with S has been shown in Section 2 of the Ex- 
perimental Part. 

* It is probable that if the amount of precipitate produced by less than 0.05 
mg. of SSS III could have been, determined with accuracy ratios of 130:1 and 
05:1 or 140 : 1 and 70:1 would have been foimd; the more so as in the low-titer or 
very dilute antibody solutions, in which 0.05 mg. of SSS III is equivalent to a 
relatively larger amount of antibody, the initial ratios are much lower {cf. Table 
III). However, the present discussion is confined to actual experimental data, 
and it is hoped that more absolute figures may be supplied at a later'date. 

The high initial ratios obtained v.'ith solution BVb are inconsistent mth the 
other data and have therefore been disregarded. Had they been included the 
ratios would have heen 130:1 and 65:1 instead of 120:1 and 60:1. 
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At the point of equilibrium represented by Equation 2 both A and 
S are present in solution and eitlier may be precipitated by addition of 
the other. Can this phenomenon, hitherto considered so baffling on 
account of the known insolubility of the specific precipitate, be quan- 
titatively accounted for according to the law of mass action? 

From Equations 1 and 2 may be derived the expression 


lAl [SP ^ 
lASd 


(3) 


But AS" is a sparingly soluble substance and is present in excess 
at equilibrium, being mainly in the form of a precipitate, hence [ASi] 
= a constant and (3) may be written 

[A] [sr- = K' (4) 

Moreover, according to (3), addition of eitlier A or S should cause 
precipitation, and this actually happens, although if appreciable A is 
added (1) must be taken into account in calculating the composition 
of the precipitate. 

Now although the molecular concentrations of A and S are unknown 
other units may be used provided they are comparable and may ulti- 
mately be expressed in terms of molecular concentration. If 1 mg. 
of antibody protein be called 1 unit of antibody, then the smallest 
amount of hapten that will combine with it, namely 1/120 mg. may 
be called 1 unit of specific substance. From Tables II and III it 
will be seen that, on the average, about 1.5 mg. of A per 10 cc. are 
present in solution at equilibrium, or 0.15 unit per cubic centimeter. 
Then the amount of S will be 0.15 X 2 = 0.3 units. Substituting 
in (4), [0.15] X [0.3p =K'and 

K' = 0.0135 (S) 

With this value of K' it should be possible to predict the smallest 
amount of Type III polysaccliaride detectable with an antibody solu- 
tion or serum of known antibody content. If solution BV^ (Table I) 
be taken as an average solution, at the 2:3 dilution commonly em- 
ployed for the precipitin test, the final dilutions would contain 1.1 
unit of antibody. Substituting in Equations 4 and 5, [1.1] [S]- = 
0.0135, whence [S] = 0.111 units, or 0.00089 mg., corresponding to a 
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dilution slightly greater than 1 ; 1,000,000. This is of the same order 
of magnitude as the values obtained with whole serum, which are 
somewhat higher, as would be expected, and range from 1:4,000,000 
to 1 : 8,000,000 (6) . It must be remembered, however, that with these 
proportions of A and S, the composition of the precipitate would be 
AS, not ASj. Its solubility, should, however, be of the same order of 
magnitude. Data on these points will be sought in the near future. ' 

The law of mass action thus supplies an adequate explanation of 
how appreciable, if small, quantities of Type HI soluble specific 
substance and antibody can exist in solution in the presence of each 
other, although the solubility of either, especially of the hapten, is 
greatly diminished when an excess of the other is present. 

It can be seen from Table II, however, that maximum precipitation 
of antibody soon occurs as the concentration of specific substance 
increases beyond the equilibrium point, after which no further change 
takes place until at least ten times as much hapten is added as is 
required to cause complete precipitation (cf. also Sobotka and Fried- 
lander (2c)). The inhibition zone phenomenon* then comes into 
evidence, but at least a 100-fold excess of hapten over the amount 
required to reach the equilibrium point is necessary to prevent pre- 
cipitation completely .t 

This solution effect is as specific as the predpitating action of the 
specific substance, for neither Type I nor Type IH specific precipitate 
will dissolve in a 1 per cent solution (0.9 per cent saline) of Type III 
or Type I hapten respectively, although either is soluble in 1 per 
cent homologous hapten solution even after being washed with saline 
and allowed to stand over night in the ice-box. Moreover, the solu- 
tion, or inhibition zone, effect is reversible, in that AS 2 separates again 
when the concentration of soluble spedfic substance in the solution 
is reduced by dilution with saline. Therefore it should again be 
feasible to test the application of the law of mass action to the experi- 
mental data obtained in the inhibition zone. 

* Owing to the variety of terms in use such as “pre-zone,” “pro-zone,” or “post- 
zone” it has been decided to use the term “inlubition zone.” 

t At certain intermediate concentrations the specific precipitate was insoluble 
at 0 but redissolved at room temperature or 37^* and could be reprecipitated on 
cooling. This process could be repeated many times. It is hoped to study this 
effect in greater detail at a later date. 
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A STUDY OF THE PRECIPITIN REACTION 


If the precipitate at equilibrium again be considered as ASj and no 
assumption be made as to the composition of the soluble product or 
products formed, the reaction may be expressed as 

ASj + nS ASp (6) 


Tlien 


[ASd [S}° 
(ASpl 


(7) 


TABLE IV 


Calculaliou oj Approximate Equilibrium Couslaiit for Inhibition Zone 


Anti- 

body 

solution 

Maxi- 

mum 

protein 

precipi- 

tated 

ASs 

Protein 
precipi- 
tated in 
c.xpcri- 
ment 1 
AS, 

Protein 
dis- 
solved 
ASp 1 

1 

[ASp] 

units 

Units 

sss m 

added j 

IS) 

■ 

K' (X 10-^) 
n = 2 

K' (X 10-*) 
n =» 3 


CTJ. 

vtg. 








BV;, 

27.4 

21.6 

5.8 

0.58 

1200 

120 

207 

248 

298 


27.4 

18.4 

9.0 

0.90 

2400 

240 

267 

640 

1536 


27.4 

15.3 

12.1 

1.21 

i 3000 

300 

248 

i 744 



27.4 

12.9 

14.5 

1.45 

3600 

360 

248 

894 



27.4 

1.3 

26.1 

2.61 

4800 

480 

i 184 

883 


BVb 

29.3 

24.0 : 

5.3 

0.53 

! 1200 

120 

226 

272 

326 

j 

i 

29.3 

17.3 

12.0 

1.20 

2400 

240 

200 

480 

1152 


29.3 

8.8 

20.5 

2.05 

3600 

360 

1 176 

632 



29.3 

3.8 

25.5 j 

2.55 

! 4800 

480 

188 




29.3 

1.7 

27.6 

2.76 

6000 

600 

j 217 









Mean: 216 




Since [AS 2 ] represents the concentration of the difficultly soluble ASj 
in solution, this would be constant at equilibrium provided precipitate 
were present. Hence, under these conditions 



The amount of ASp present can be calculated (as nitrogen X 6.25) by 
deducting the protein precipitated in the inhibition zone from the maxi- 
mum predpi table, while free S may, for purposes of calculating ih 
be taken as the total S present, since the amount in combination is 
never more than 6 per cent of the total. As in the case of AS 2 , 1 mg. 
of ASp is considered 1 unit, which cannot introduce a large error, and 
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1/120 mg. of S = 1 unit, as before. In Table IV the data obtained 
in two experiments are calculated in this way and substituted in equa- 
tion (8), with = 1, 2 and 3. It will be seen that when 7i = 1 quite 
constant values of K are obtained. In Table V is given a more exact 
calculation, using as [S] in each case the total amount minus the sum of 
the amount present as ASz in the maximum precipitate (Table IV) 


TABLE V 


Cdculaiicn of More Exact, Equilibrium Constant for Inhibition Zone. 
{Alternative for Last Four Columns of Table IV.) Comparison of 
Calculated and Found Values of Protein Dissolved 


Units sss in 

combined 

(SI 

K' 

K' (X 10-=) 

K' (X 10-') 

Units protrin 
dissolved 
in inhibition 
zone 










C fl 











Seo- 

O 

3 

f* =s 1 

n » 2 

n = 3 

« = 1 

n = 2 

n *= 3 

n =» 1 

n = 2 

n = 3 

u.S to 
*3 rt.5 











s 2.53 o 

*0 _ 










u 


5S*-l-6t 

67 

72 

113.9 

113.3 

112.8 

196 

221 

247 


0.58 

64 

73 

82 

233.6 

232.7 

231.8 

260 


1384 

1.11 

0.90 

67 

79 

91 

293.3 

292.1 


242 

705 


1,40 

1.21 

70 

84 

99 


351.6 


243 

853 


1.68 

1.45 

81 



471.9 

469.3 


181 

844 


2.25 

2.61 

59t+S 



113.6 


112.5 

214 

241 

269 

0.54 

0.53 

71 

83 

95 


231.7 

BSE 

194 

447 

1021 

1.11 

1.20 

80 


121 


350.0 


172 

598 


1.68 

2.05 

85 


136 

471.5 



185 



2.25 

2.55 

87 

j 114 

142 

591.3 



214 



2.82 

2.76 


Mean K' = 210 


* Actually maximum units protein X 2 = 54,8. 
t Actually 5.8 (Table IV, column 4). 
t Actually maximum units protein X 2 = 58.6. 

plus the additional amount combined in solution. This is calculated 
from the dissolved protein (Table IV) putting « = 1, 2, and 3, respec- 
tively. n still remains equal to 1. From the last two columns of 
Table V it is seen that the mean value of (Equation 8) so obtained 
permits, as a check, a fairly close calculation of the protein dissolved 
in the inhibition zone. 
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A STUDY OF THE PRECIPITIN REACTION 


It is therefore suggested that the inhibition zone effect is a chemical 
equilibrium which may be expressed by simplifying Equation (6) to 

AS. + S AS, (9) 

The equilibrium point evidently lies far to the left, since large amounts 
of S are necessary to cause the formation of appreciable amounts of the 
compound ASs. 

It therefore appears tliat the three phases of the precipitin reaction, 
as exemplified by tlie soluble specific substance of Type III pneumo- 
coccus and its homologous antibody can be quantitatively expressed 


by the three equilibria: 

A + s (1) 

^ ( 2 ) 

and 

AS: -f S AS, (9) 


in which the underlined products represent precipitates. 

In (1) the reaction tends to proceed strongly to the right, as AS is 
very difficultly soluble. As the relative concentration of S increases, 
more and more AS 2 is formed at the expense of the AS, until a new 
equilibrium is reached. The product ASz has an appreciable solubility 
and dissociation tendency, hence at this point both antibody and 
specific substance may be detected in solution. Thus, when A is 
added, there will be a precipitate, since more AS will be formed; 
when a little S is added, reaction (2) will go further to completion and 
more AS 2 will be precipitated, ^^ffien mucli S is added equilibriiun (9) 
comes into play, and the precipitate redissolves. ]\Ioreover, in the 
three stages of the reaction the proportions of S combined with A 
vary as 1:2:3. 

Thus, in the case of the one specific system under consideration, at 
any rate, the manifestations of the precipitin reaction may be ex- 
plained in a very simple manner. Almost any inorganic or organic 
precipitate, soluble in an excess of the precipitant, might serve as a 
partial analogy. For example, 

Ag + CN' AgCN ; AgCN + CN' Ag(CN)j'. 

'i 
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In this case the first equilibrium would combine (1) and (2) above; solu- 
tion of the precipitate by excess cyanide would parallel ( 9 ), the more 
so as S is the anion of an acid. Looked at in this light the phenomenon 
of specific immrme precipitation becomes no more — and no less — 
mysterious than the specificity of silver ion for C3'anide ion, or of 
barium ion for sulphate ion, and must ultimately be traceable to the 
same tmderlying causes.* 

Whether or not these conceptions are of general application remains 
to be tested, and work along these lines is under way, 

STOUIARY 

1. A quantitative study of the reaction between the soluble specific 
substance of Type III pneumococcus and its homologous antibody has 
been made. 

2. The entire reaction, from excess of antibody, to excess of specific 
substance with its accompanying inhibition zone effect, may be ex- 
pressed by three mass-law equations. 

3. The significance of these findings is discussed. 
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STUDIES IN AGGLUTINATION 

IV. The Agglutination Inhibition Zone 
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The prozone* or zone of inhibition of flocculation occasionally ob- 
served in the higher concentrations of agglutinating sera has been 
variously explained. This zone is usually seen in old sera although it 
is sometimes found in fresh sera. When present it may lead to practi- 
cal difficulties in the serological differentiation of bacteria unless the 
tests are carried out to the higher dilutions. In our experience the 
natural zone phenomenon is extremely rare; in fact, in the course of 
the last few years we have observed almost no agglutinating sera 
showing this i nh ibition zone. In an effort to study this phenomenon 
it has been necessarj', therefore, to take advantage of the well known 
fact that appropriate heating of agglutinating sera produces such a 
zone of inhibition. The work herewith reported is limited essentially 
to observations upon artificially produced inhibition zone sera. 

Two chief hypotheses have been presented to explain the agglutina- 
tion prozone. 

The older hypothesis suggested by Eisenberg and Volk (1) and supported by 
Kraus and Joachim (2) accepts Ehrlich’s conception of agglutinin as being made 
up of an antibody-bacteria binding portion (haptophore) and a flocculating portion 
(zymophore), and assmnes that by heating or aging some of the agglut inin is so 
modified (agglutinoid) that the clumping component is destroyed without, how- 
ever, affecting the binding portion. As a result agglutinoid may still unite with 
the bacteria but does not produce flocculation. In order to explain the inhibition 
effect in high serum concentrations, it is assiuned that the agglutinoid in these 
concentrations has a greater affinity for the bacteria and is, therefore, boimd 
to them to the exclusion of effective agglutinin. To explain the occurrence of 
flocculation in the higher dilutions it is assumed that the relative proportion of 
agglutinoid to agglutinin in these concentrations is such that the former is quanti- 


• Owing to the variety of terms used, such as "prezone,” “prozone,” or “post- 
zone” it has been decided to use the term “inhibition zone.” 
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tatively insufEcient to interfere -vvith tlic effective dumping of the bacteria by the 
unmodified antibody. Tlie disrepute into whidi the “haptophore-zjTnophore” 
theor}’- of agglutinin structure lias fallen has led to tlie more or less complete dis- 
crediting of tins e.xplanation. 

The second hjTpothesis is put fonvard condsely by Zinsser (3) as follows; Agglu- 
tinoid zones are analogous to zone phenomena of other antibody reactions, notably 
the precipitin reaction, and are definitely dependent upon quantitative union 
between antigen and antibody and have nothing to do witli deterioration of anti- 
body by heat or othcr\nse. In various colloid precipitations in whidi serum is 
involved, moderate heating of tlie serum will strongly reduce its ability to predpi- 
tate a suspension. When normal serum is heated it is likely that tliere is a change 
in its colloidal state producing a certain amount of colloidal protective propert}' 
in the serum. In reactions between bacteria and anti-senun it is likely that the 
antibody carries into union a not inconsiderable amount of active scrum constitu- 
ents. The so-called specific action of agglutinoids is probably due to tlie fact that 
the antibody carries into union with the bacteria inactive protein which is col- 
loidall}'' protective by virtue of the heating. 

It was with tlie expectation of producing evidence to substantiate 
the protective colloid hypothesis that the problem was approached 
originally in the present investigation. However, as the evidence 
has accumulated, it has become more and more apparent tliat the 
agglutinoid explanation, much modified, more nearly fits the facts, 
at least as far as the heat induced inhibition zone is concerned. 

Methods 

Sera Used.' — Rabbit and horse agglutinating sera were used. A high titre 
antit 3 Tphoid serum (horse) prepared at The Rockefeller Institute in 1917 was 
obtained from Dr. Cbickering. B. melitensis serum was kindly given to us by 
Dr. Cooper of the New York Board of Health. 

Bacterial Strains. — The following organisms were used: B. t 3 q)hosus, B. meli- 
tensis, T 3 q)e I pneumococcus, and B. d 3 "senteriae, Fle.xner, Mt. Desert, Shiga, 
Sonne A and B, and "Y.” 

Bujfcrs Used. — A. glycocoll, sodium phosphate and sodium acetate (G. P. A. 
mixture) (4) was used in some of the experiments for diluting serum and suspend- 
ing the bacteria. Most of the experiments were carried out in ph 3 'siologicaI 
salt solution. 

Washing of Bacteria. — Bacteria were washed at least twice in distilled water 
in all experiments. 

Agghitinalion Methods. — The macroscopic method was used. Degrees of 
agglutination are indicated as follows: C., complete, supernatant fluid clear; 3, 
markedly granular with beginning floculation; 2, same without flocculation; 1, 
slightly granular; =fc, doubtful agglutination; — , no agglutination. 
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Potential Meast/remnts.—'Ihese were made with the Northrop micro-cataphore- 
sis cell (5). 

EXPERIMENTAL RESULTS 

Preparation of Inhibition Zone Serum.— 'Wh^n an agglutinating 
serum is appropriately heated inhibition of flocculation is obtained in 
the higher concentrations. 

A typical heat inhibition, zone is shown in Table 1. This is a rabbit antidys- 
enteric serum (Shiga) diluted 1 : 10 in normal salt and heated for ten nmutes at 
67°C. In all cases heating of prozone serum was carried out in 1 :5-l : 10 dilution. 
Undiluted, or greater concentrations of serum than the above are unsatisfactory 
for heating as they become tiubid and are difBcult to work with. It will be 
observed Aat no agglutination occurs in the dilutions 1/20 to 1/80 but that it is 
present above this. 

TABLE 1 

The Efecl upon Agglutination of Healing B. dysenteric [Shiga) Serum at 67°C,for 
10 Minutes: a Typical Heat Inhibition Zone Serum 


Agglutination 





Dilutions of serum 







1 

o 

g 

o 

■ s 

o 

o 

■ 

1 o 

CM 

1 o 

CM 

"o 

H 

a 

o 


— 



1 



Bi 

— 


CJ 

Serum unheated (control) 

C 

c 

c j 

i ^ 

c 

c 

c 

c 





Serum heated at 67° 

— ' 

“ ' 


1 ^ 

c 

c 

1 ^ 

c 


— 


It is important to note that the upper agglutinative titre is practi- 
cally the same as that of the unheated control serum. 

In order to produce this zone phenomenon in difierent sera, exposure 
to varying temperatures for the various sera is required. 

The minimal point, using short periods of exposure (6-10 minutes), ranged 
from 62°C., in a Tjpe I pneumococcus serum, to 76°C. for a B. typhoid serum. 
In some sera we were unable to produce an inhibition zone when using the shorter 
periods of heating. As the heating point is raised, a level is reached when all 
agglutmation is abolished. This point also is quite variable for the different sera. 
In our experiments the range was from 64° to 78°C. 

The time factor is an important consideration. If sera are heated 
over prolonged periods at temperatures lower than those noted above, 
it is possible to produce an inhibition zone. 
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For e.xample, in the case of a Shiga scrum, in which the inhibition zone was 
obtained by heating for 10 minutes at C6°C,, a comparable inhibition zone was 
produced in 4 hours at S9°C. Table 2 shows the comparison in detail. It will be 
noted from this table that prolonged heating at this lower temperature (24 hours) 
has an effect similar to that of the higher temperatures, as noted above, of abolish- 
ing all agglutinin. When the time factor is studied for the higher temperatures it 
is found that this effect is more rapid, being more or less proportional to the tem- 
perature. For e.xample, when the serum is heated at 68°C., the inhibition zone 
begins to appear in 1 minute, is complete in 6 minutes, and practical abolition of all 
agglutination occurs in 90 minutes. 


TABLE 2 


The Effect upon Agglutination of Heating Shiga Scrum at 59° for 1 to 48 Hours. 
Shiga Serum Heated at 66° for 10 Minutes Is Shown for Comparison 



An interesting demonstration of the effect of varying the heating 
levels is shown in Table 3. 

Separate portions of Shiga serum were heated at temperatures ranging from 
55° to 80°C., for 10 minutes. At 63° there is a beginning appearance of the 
inhibition zone. The zone then Avidens to reach a peak at 66-69°. Above this the 
zone narrows to disappear at 72°. Coincident with this narrowing and its loss 
there is a corresponding drop in the agglutinative titre. At 76° all agglutination 
disappears. This experiment was done in physiological salt solution; when 
repeated in a buffer mixture of pH 7.0, similar results were obtained. 

A comparable result, though far less marked, was obtained with 
one other serum. The more usual finding is the appearance of an 
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inhibition zone immediately succeeded by disappearance of all aggluti- 
nation as the temperature is further increased. 

The findings noted in Table 3 strongly support the hypothesis that 
the inhibition zone is caused by modification of agglutinin. If one, 
makes the assumption that such heat modified agglutinin (a) still 

TABLE 3 

Effect of Heating Shiga Serum at Various Temperatures for 10 Minutes 


Agglutination 


Temperature 1' 
o! beating 

" Dilutions of serum 

Con- 

trols 


1:20 

1:40 

1:80 

1:160 

1:320 

I'.MO 

1:1280 

1:2560 


Unheated 

c 

c 

c 

c 

c 

c 

c 

c- 

- 

- 

55“ 

c 

c 

c 

c 

c 

c 

c 

c- 



56 

c 

c 

c 

c 

c 

c 

c 

c- 

— 

— 

57 

c 

c 

c 

c 

c 

c 

c 

c- 

— 

_ 

58 

c 

c 

c 

c 

c 

c 

c 

c- 

__ 

— 

59 

c 

c 

c 

c 

c 

c 

c 

c- 


— 

60 

c 

c 

c 

c 

c 

c 

c 

c- 

— 


61 

c 

c 

c 

c 

c 

c 

c 

c- 


— 

62 

c 

1 c 

c 

c 

c 

c 

c 

c- 


— 

63 

C 1 

c 

c 

c 

1 ^ 

c 

c 

c- 

— 

1 — 

64 

db 

± 

C 

c 

c 

c 

1 ^ 

1 c- 

1 — 

— 

65 

— 

1 

c- ' 

c ' 

c ' 

c 

c 

c- 

— 

— 

66 

— 

— 

— 

— 

c 

C 1 

C 1 

C- 1 

— ! 

— 

67 

— 

— 

— 

— 

c 

c 

c 

c- 

— 

_ 

68 

- 

— ' 

— 

— 

c 

c 

c 

c- 

— 

— 

69 


— 


— 

c 

c 

c 

c- 

— 

_ 

70 

— 

— 

c- 

c 

c 

c 

c- 

db 

— 



71 

c- 

c- 

c 

c 

c 

c 

± 

db 

— 



72 

c 

c 

c 

c 

c 

c- 







73 

c 

c 

c 

c 

c 

c- 







_ 

74 

c 

c 

c 

c 

c 

c- 

— 





— 

76 

— 


— 

— 

— 

- 

- 

- 

- 

- 


retains its binding power although when union has taken place the 
agglutinin-bacteria complex fails to clump and (b) has a greater affinity 
for the bacteria than unchanged agglutinin, it follows that the total 
amount of binding agglutinin in the inhibition zone {e.g., at 66°) 
will be equal to that of the unheated serum, i.e., the agglutinative 
titre of the two sera will be the same. This is the fact. Now, when 
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the heating level is further raised, it will be seen that the inhibition 
zone is reduced and then disappears. If we attempt to explain this 
upon the assumption that this higher heating further modifies the 
modified agglutinin so that it now loses its binding power, we should 
expect that the total agglutinative titre would fall off correspondingly. 
Tills also is the experimental fact. Such evidence is indirect rather 
than direct proof. It is believed that the e.xperimental findings pre- 
sented below will give more direct support to the correctness of 
this view. 

Relationship of pE . — Most of the experiments reported were done 
in physiological salt solution, of pH’s varying from 6.0 to 7.0. That 
the H ion concentration might be a factor was considered probable. 
Accordingly, its relationsliip to the production of the heat inhibition 
zone was tested at pH’s ranging from 5.4 to 7.0. Table 4 shows the 
results. It will be seen that, witliin the limits of the experiment, a 
wider prozone is obtained at the higher pH’s. This is essentially the 
range in which the experiments wdth salt solution as diluent were 
carried out. 

Specificity of the Inhibition Zone . — In the colloidal protective theory 
of the inhibition zone it is assumed that heating of the serum changes 
serum protein so that it has protective properties, and the so-called 
specific action of agglutinoid is considered to be due to the carrying 
over of such inactive protein into the union between antibody and 
organism. This explanation is usually offered to overcome the stum- 
bling block presented by the older experiments in which it has been 
shown that absorption of agglutinoid is possible in the inhibition 
zone. If colloidally protective inactive protein {i.e., non-agglutinin) 
is present in an inhibition zone serum it should follow that it might 
exert an inhibitory effect when added to another, heterologous, serum. 
Accordingly a suitable inhibition zone seriun was obtained by heating 
an antityphoid serum and this was added, in small to large propor- 
tions, to an active, unheated B. melitensis serum. When the latter 
was now tested against its homologous organisms, no interference with 
agglutination in any concentration was noted. Such findings support 
the contention that the phenomenon is specific. 

In order further to test tiiis hypothesis a similar experiment was 
performed with very closely related organisms. 
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TABLE 4 

Relaiionship of pH to Zone of Inhibition in Heat Produced Inhibition Zone Serum. 

Antityphoid Serum Used 


. Agglutimtion 


pH 

■Tof . 
leating 




Dlluttons of the semm 






o 

C>4 

o 

o 

CO 

o 

1:320 

o 

<6 

1:1280 

s 

to 

r* 

o 

CM 

1:10240 

1:20180 

Controls 

7.0 


_ 





B 



c 

c 

c 

c 

c- 

— 



— 

— 

— 

B 



c 

c 

c 

c 

c- 

— 



— 

— 

__ 

B 



c 

c 

c 

c 

c- 

— 
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— 

— 

B 


± 

c 

c 

c 

c 

c- 

— 


74 


— 

— 

B' 

B 

± 

c 

c 

c 

c 

c- 

— 


75 

- 

- 

- 

B 

B 

dz 

c 

c 

c 

c 

c- 

— 

6.6 

Bl 

— 

— 


— 

3 

c- 

c 

c 

c 

c 

d: 

— 


O 

— 

— 

— 

— 

3 

c- 

c 

c 

c 

c 

± 

u_ 


Q 

— 

— 

— 
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Shiga serum, diluted 1 :9 in normal saline, was heated 10 minutes at 66.5°C. 
and an inhibition zone obtained. To 0.9 cc. of this Shiga inhibition zone serum, 
0.1 cc. each of active (i.e., unheated) Shiga, Fle.vner, Mt. Desert, Sonne B and “Y” 
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dysenteric serum was added. This gave proportions of inhibition zone serum to 
unheated serum of a little more than 1:1. These 1 : 10 dilutions of the different 
sera, each with its added component of inhibition zone serum, were now diluted 
out by halves and homologous organisms were added to each. The results of the 
e.xperiment are shown in Table 5. 

I 

TABLE S 


EJfed of Addition of Shiga Inhibition Zone Scrum to Unheaied Shiga, Flexner, 
Mt. Desert, Sonne “B” and “F*’ Dysenteric Sera 

The irdiibition zone serum was added in an effort to produce a non-specific in- 
hibition zone. 


Serum 

Organism 

Agglutination 

Dilutions of Uic sera 

Controls j 

o 

o 

o 

•«r 

s 

s 

o 

o 

o 

oo 

CM 

o 

-o 

CM 

o 

CM 



— 






Shiga, unheated 

Shiga 

c 

c 

c 

c 

c 

c 

c 

c 

c- 

— 

— 

Shiga, heated 


- 

— 

— 

c 

c 

c 

c 

c 

c- 

— 

— 

Shiga, unheated -f heated 

« 

- 

— 

— 

— 

c 

c 

c 

c 

c 


— 

Shiga, unheated 

Fle.xner 

c 

c 

— 


— 

— 

* 

-- 

— 

— 

— 

Flexner, unheated -f Shiga, 













heated 

« 
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c 
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c 

c 

c 

c 

c- 

— 

— 

Shiga, unheated 

Mt. Desert 
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c 
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— 

— 
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Mt. Desert -d- Shiga, heated. . . . 
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c 
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c 

c 

c 
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c 

c- 
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Shiga, unheated 

Sonne “B” 

rfc 
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— 

— 

— 

- 


- 

Sonne B, unheated Sliiga, 













heated 


c 
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c 

c 

c 


— 


Shiga, unheated 
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— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

“Y”, unheated -f- Shiga, heated. . 
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c 

c 

c 

c 

c- 

— 
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It will be seen that in the case of the unheated Shiga serum, the 
addition of Shiga inliibition zone serum produces a definite zone of 
inhibition in its higher concentrations; the zone is a little wider here, 
probably because of the slightly higher proportion of heated to 
unheated serum as pointed out above. It is worthy of note that the 
total agglutinative titre is slightly increased, a finding to be expected 
if the agglutinoid hypothesis is correct. The highly specific nature 
of the inhibition zone is demonstrated by the failure of the addition 
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of the Shiga inhibition zone serum to exert any inhibitory effect upon 
the agglutination of the heterologous organisms by their respec- 
tive sera. 

Ahsorptmi Experiments . — ^The findings of Eisenberg and Volk that 
absorption of agglutinin (and agglutinoid) occurs in the inhibition 
zone has been the chief argument in favor of their explanation of the 
inhibition zone. In order to confirm the work of these investigators 
the following experiment was carried out. 


TABLE 6 

Eftci of Absorption of Shiga Inhibition Zone Serum with Varying Dosage of 
Organisms upon Subsequent Agglutination 



* Remainder of this experiment lost. 


Shiga serum was heated 10 minutes at 67° to produce an inhibition zone. To 
this senim Shiga organisms were now added in increasing amounts so that the con- 
centrations of the bacteria ranged from 1 billion to 128 bilh'on per cc. The mix- 
tures were then incubated 2 hours in a 37° waterbath and left over night in the 
icebox. The next day the bacteria were thrown down and the supernatant fluid 
tested for its agglutinin content. The concentration of the bacteria in this test 
being 1 billion per cc. The results are shown in Tahle 6. 

It is at once apparent that the findings are in striking agreement 
with the results reported by Eisenberg and Vook. When the serum 
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is absorbed with the smaller number of bacteria (1-8 bil./cc.) there is 
reduction of the inhibition zone and loss of agglutinative titre which is 
proportional to the concentration of the organisms. Above this, 
effective agglutinin is absorbed. In other words, it would seem that 
when the bacteria are relatively fewer in number there is preferential 
absorption in, or of, the prozone (agglutinoid) . This strongly supports 
the hypothesis that there is present in the inhibition zone serum agglu- 
tinin which is so modified that it binds but does not clump bacteria 
and which has a greatef afBnity for the organisms than has unmodi- 
fied agglutinin. 


TABLE 7 

Effect upon AggluHnalion, in a Shiga Inhibiiion Zone Scrum, oj Varying the 
Quantity of Bacteria Used for the Test 



In an effort to explain the fact that in an inhibition zone serum, 
bacteria fail to agglutinate in the low dilutions, but do so in the higher 
dilutions, the assumption has been made that the relative proportion 
of modified to unmodified agglutinin is such, in the higher dilutions, 
that the former is quantitatively insufficient to interfere with effective 
clvunping by the latter. It seemed that this hypothesis should be sus- 
ceptible of experimental verification. The next experiment (Table 7) 
seems to supply the necessary proof. If one accepts the assumption 
that in the lower dilutions of an inhibition zone serum (a) there is 
present a mixture of agglutinin and agglutinoid (the latter being suffi- 
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cient in quantity to become an effective factor) and (b) that the 
agglutinoid has a greater affinity for the bacteria, it follows of neces- 
sity, in view of the fact that the agglutinoid must be limited in amount, 
that when bacteria are added in excess of the number required to unite 
with all the agglutinoid, unmodified agglutinin will become effective 
and Humping must result. From Table 7, it will be seen that this is 
the experimental fact. 

When the concentration o£ bacteria per cc. is 16 billions the condition of excess 
organisms (over the agglutinoid-binding requirement) is present and agglutination 
takes place. As the number of organisms drops below this “agglutinoid satura- 
tion” point, the inhibition zone appears; and, as the organisms per cc, continue 
downward their number falls below this saturation level in succeeding dilutions 
so that with 1 /4 billion per cc. in the 1 /400 dilution of the serum it falls below such 
a point and the inhibition zone is present. 

These findings have some practical value. Errors in serological 
diagnostic work due to an inhibition zone may be lessened by having 
the bacteria in relatively high concentration in setting up agglutina- 
tion tests. And, conversely, when one is studying the zone phenom- 
enon, the inhibition zone is more readily obtained by keeping the dose 
of organisms low. 

The following experiment was performed in a further effort to test 
the possible importance, in producing the inhibition zone, of some 
non-specific, colloidally protective, serum constituent. 

Shiga serum was heated and an inhibition zone obtained. The serum was then 
absorbed by its homologous organisms. This serum now freed of agglutinin and 
agglutinoid was added to an active unheated serum to see whether there remained 
in it any non-specific inhibitory factor. 

It will be seen from Table 8 that the absorbed serum produces no 
inhibition zone. 

The converse of the experiment above was carried out next, as 
follows: 

Shiga inhibition zone serum was prepared and bacteria in relatively low concen- 
tration were added to a 1 ;20 dilution. They were allowed to incubate for 2 hours 
in the 56° water bath. The organisms, which had remained unagglutinated (i.e., 
were stable in suspension), were now centrifuged. They came down in a rather 
heavy , fluffy mass, more like normally sensitized than imsensitized organisms. The 
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supernatant fluid was discarded and the bacteria resuspended. ^lany clumps 
had appeared following centrifugalization. Tlicsc were allowed to settle out and 
the comparatively smootli suspension remaining was tested for agglutinability 
by addition to active unheated serum. Table 9 shows the result. 


TABLE 8 

Effect upon AgglnHnalion in a Shiga Unhealed Scrim of the Addition to This Scrum 
of Absorbed Inhibition Zone Scrum 


yigghitination 


Sera 

Dilution of tlio serum 

Controls 

o 

O 

o 

00 I 

1:160 

1:320 

1:640 

1:1280 

o 

NO 

lio 

w 

o 

o 

o 
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c 

c 

1 { 

c 

c 

c 

c 

c 

c 

— 

— 

Heated inhibition zone serum . . 

— 

— 
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— 

! c 

1 c 

c 

c 

— 

■ “ 

Absorbed inhibition zone serum. 

' 3 

— 

— 


— 

— 


— 

— 

— 

— 

Unheated active scrum + ab- 












sorbed inhibition zone serum,. 
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c 
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TABLE 9 

Effect upon Agglutination of Bacteria, by Active Unheated Serum, of Previous 
Sensitisation of the Bacteria in an Inhibition Zone Scrum of 1:20 Dilution 


Agglutination 


Sera 




Dilutions of serum 




1 

O 

CM 

o 

o 

CO 

•w j 

o 

*0 

w j 

o 

o 

•s* 

o 

1:1280 

o 

'O 

CM 

1:5120 

1:10240 

Controls 

Unheated active serum -H 
unsensitized bacteria 

c 

c 

1 

c 

i 

c 

c 

c 

c 

1 

c 

c 

.. 


Heated inhibition zone serum -f- 
unsensitized bacteria 

_ 


1 

i _ 

_ 

' c 

c 

c 

c 

c 


— 

Active unheated serum -f inhi- 
bition zone sensitized bacteria 

— 

— 

- 

— 

— 

1 

— 

- 

- 

— 

- 


It will be observed that the organisms sensitized in the inhibition 
zone are not agglutinated by active serum. In other words, they 
are saturated with binding, but non-flocculating, modified agglutinin 
and are, therefore, insusceptible of agglutination by the super-added 
active serum. Jones (6) working with sera which had been heated to a 
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higher level than ours, so that practically all agglutinin effect was lost 
has recently obtained comparable results. 

Filtrabilily Expcrimcuts.~Jn the case of one of our antityphoid heat 
induced inhibition zone sera (heating was at 74.5° for 12 minutes) 
it was observed that there was faint opalescence. Attempts were 
made to centrifuge out the turbidity, without success. Passage 
through a Berkefeld N filter was then carried out with complete clear- 
ing. "V^Tien this serum was now tested for its agglutinative properties 
it was foimd that the inhibition effect had been entirely removed. 
Table 10 shows the results. 

Berkefeld filtration has apparently completely removed the agglu- 
tinoid effect. Accompanying this disappearance there is a propor- 

TABLE 10 

Efect of Berkefeld Filtration of Inhibition Zone Serum upon S'ubsequent 

Agglutination 


Agglutination 


Sera 

Dilution of the scrum 

Controls 

o 

o 

o 

CO 

. o 

'O 

1 o 

1 rs 

1 ro 

o 

>6 

1:1280 

■ 

o 

Xf> 

TJnheated typhoid serum 
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c 

c 

c 

C 

c 

c 1 

C 

C 


Heated inhibition zone serum 


— ' 

— 

— ' 

— 

c 

c 

c 

c 

— 

Filtered inhibition zone serum 


B 

c 

c 

c 

c 

— 

— 

- 

- 


tional drop in the agglutinative titre. From this experiment it is 
apparent that heat modification of the agglutinin has made it particu- 
late. The fact that upon its removal there is a corresponding drop in 
agglutinative titre is strong evidence in favor of the fact that this 
particulate, modified agglutinin stiff retains its binding power. 

This serum was the only one showing perceptible opacity upon 
heating for the inhibition effect. It was, in fact, the serum which 
required the highest heating level to produce the zone effect. How- 
ever, in one of our clear inhibition zone sera, in which filtration showed 
no effect upon the inhibition or the titre, the addition of kaolin pro- 
duced identical results as to abolition of the prozone and proportional 
reduction of titre; kaolin treatment of the unheated serum showed no 
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effect upon titre. That this is not simple adsorption was demon- 
strated in an experiment in whicli treatment of an inhibition zone 
serum (typhoid) with a heavy dose of heterologous organisms (B. 
dysenteriae) failed to remove the inhibitory factor, 

Cataphoresis Experiments . — It w^as felt that a study of the charge 
upon tlie bacteria when they were sensitized with inhibition zone 



Fig. 1. Effect of unheated agglutinative, and heated agglutinative (inhibition 
zone) typhoid serum, and of normal serum upon P.D, and agglutination of B. 
typhosus. Solid line indicates agglutination; broken line, no agglutination. Ex- 
periment in G. P. A. buffer mixture, pH 7.0. 

serum might be instructive. Accordingly observations were made 
upon the P.D. of bacteria treated in varying dilutions with normal 
serum, unheated agglutinating serum, and inhibition zone serum. The 
results are shown in Fig. 1, 

It will be noted from the chart that the charge on the bacteria in 
the zone of non-flocculation closely approximates that of those which 
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are sensitized -with untreated serum. This is strong evidence that 
there is union between organism and antibody although there is no 
clumping. ISIudd and his co-workers (7) in their extensive studies of 
antibody reactions have recently reported similar findings in their 
observations upon the charge on bacteria in the prozone. 

Recently, working with pneumococcus Tj^pe III antibody solution, 
prepared essentially according to the method of Felton,* we have 
obtained a small though definite inhibition zone after 5 minutes heating 
at 68°. This antibody solution is almost entirely free of serum protein 
other than serum globulin, 90 per cent being removed in its preparation 
(9). This finding is further evidence, although indirect, in favor 
of the importance, in the production of the inhibition zone, of modified 
agglutinin (antibody globulin). 

DISCUSSION 

From the foregoing experiments two points appear clear. (1) 
Inhibition of flocculation in the inhibition zone is highly specific and 
this specificity is boimd up closely with the presence of agglutinin. (2) 
The effect is dependent upon modification of the agglutinin, and, 
agglutinin, so modified, although deficient in flocculating power, has 
a greater affinity for bacteria than unmodified antibody. 

The specificity of the phenomenon is striking. At no time have 
we been able to demonstrate it to be due to the effect of any inactive 
(non-antibody) serum constituent which may have become protective 
as a result of heating. Removal, from an inhibition zone serum, of 
modified agglutinin (agglutinoid), by specific absorption, Berkefeld 
filtration, or adsorption with kaolin, has been regularly accompanied 
by the loss of its inhibitory effect. Hence it has seemed a reasonable 
conclusion that the inhibitory factor is agglutinoid and not a non- 
specific, inactive, serum constituent. 

It has seemed clear from the experiments reported above that the 
older observations are correct, namely, that modified agglutinin 
(agglutinoid) has a greater affinity for bacteria than does unheated 
antibody. The evidence is striking in the selective absorption ex- 
periments above, tables 6-9. To attempt to explain the greater 

* The antibody solution was kindly given to us by Dr. Heidelberger and-Dr. 
Kendall who have been using it in the studies of the precipitin reaction. 
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of agglutinoid for bacteria is not possible in view of our ignor- 
ance of antibody chemical structure. A parallel exists in the greater 
avidity of diphtheria toxoid, than toxin, for antitoxin. 

That sensitization by unmodified agglutinin and agglutinoid are 
very similar is brought out by many of the findings above and espe- 
cially by the P.D. determinations. However, altliough selective 
specific sensitization of bacteria b}'’ agglutinoid seems to take place, 
flocculation does not follow. The use of the '‘haptophore-zymophore” 
hypothesis in explanation of this failure of clumping is not possible as 
there is no evidence for such agglutinin structure. However, an 
attempt may be made to explain this non-flocculability of the agglu- 
tinoid-bacterial complex on the basis of previous studies of the mecha- 
nism of bacterial agglutination. 

In this work (8) it has been shown tliat sensitization of bacteria by 
agglutinative sera is selective coating by antibody globulin, that by 
such film formation at their surface, the bacteria take on the character- 
istics of particles of denatured globulin and tliat subsequent agglu- 
tination of the coated bacteria follows the laws governing the floccu- 
lation of particles of denatured protein by electrolytes. For efltective 
selective coating of bacteria by agglutinin it would seem essential 
tliat the antibody be intact. Modification of the agglutinin to 
agglutinoid by heating may well alter the agglutinin-globulin complex 
sufiiciently to interfere with adequate film formation at the bacterial 
surface. By virtue of this faulty coating the agglutinoid-sensitized 
particles will fail to take on the characteristics of denatured globulin 
and flocculation will not occur. 

The problem of the rare appearance of an inhibition zone in fresh 
sera remains unexplained. It has been shown above that sera are 
variably heat sensitive with reference to the production of a prozone. 
It is possible that an occasional serum may be heat sensitive at a lower 
level than that noted above (59°), that is, within the limits of ordinary 
experiments, 56° or less. In support of such a suggested explanation 
we have observed one serum (pneumococcus, Type I, horse) in which 
an inliibition zone appeared when incubation was at 56° but not at 37 . 
It is of interest in this connection that Heidelberger and Kendall (9) 
in studying the precipitin reaction have observed flocculation at ice- 
box temperatures in mixtures which showed no precipitation at room 
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temperature. Whenever natural inhibition zone serum is available 
further investigation will be carried forward. 

It is probable that the inhibition zone occasionally observed in old 
sera is due to some modification of agglutinin comparable to that 
obtained when serum is heated, i.e., agglutinoid is formed. 

CONCtUSIONS 

1. The agglutination inhibition zone, artificially produced by heat- 
ing, has been studied. 

2. The phenomenon is specific and is dependent upon the presence 
in the inhibition zone serum of altered agglutinin (agglutinoid). 
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